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NUTRITIVE VALUE OF DIFFERENT STRAINS OF BAJRA 
(PENNISETUM TYPHOIDES) GROWN IN GUJARAT 


M. M. PATEL* and H. J.: RAJANI** 


Bajra is staple food in the rural parts of Gujarat. Even in towns, 
most people prefer bajra during winter at least’ once a day. Out of 
9688000 hectares of net cultivated area in Gujarat State, 1640000 hectares 
are under ‘bajra ( Fertilizer Statistics, 1969-70). There are several varieties 
of bajra cultivated in different parts of Gujarat. But there does not seem 
to be апу: information available. of. the comparative nutritive value of 


these. varieties. 


Materials T 

Pure samples of seven important varieties of bajra are obtained 
from Government дао шта Research Stations in Gujarat as shown 
below : ` 4 


Bajra varieties Place | 

28-15-2 © . Junagadh and Amreli 

L-11 Jamnagar 

Babapuri Junagadh and Amreli 

,N-207 ҚҰ Vijapur (Mehsana ) апа Deesa 

А ( Banaskantha ) 

E.M.S. Local Amreli 

C.E.S. 50 Umrala ( Bhavnagar ) 

B-2-4-24 . Deesa ( Banaskantha) г 
Experimental 


"These. bajra samples are analysed each in duplicate at Agricultural 
Chemistry Laboratory, College of Agriculture, Junagadh by ‘the methods 
recommended by the Association of Official Agricultural Chemists, 1950. 
The values for their moisture, ether extract (fat), total proteins, crude 


fibre, soluble carbohydrates and mineral.matter have been determined. 


* Asst. Soil Chemist, Water “Management Scheme, Nanpura, Surat, 
**Deputy Director; Field Research Station, Bombay-72.- 
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Results and. discussion : 

The protein being an important food улайт in cereals, the 
samples of bajra are arranged in the decreasing order of protein percen- 
tage in table I. The values show that protein in six varieties of bajra 
varies from 12.56 to 14.29 per cent and only in one case, ie. variety 
B-2-4-24, it is as low as 8.81 per cent. The average protein of these 
six varieties works out to be 13.48 per cent. Thus protein in varieties 
28-152, L-11, N-207 (at Vijapur) and Babapuri is above average and 
these four varieties are found superior. However, the variety 28-15-2 
(Junagadh) having 14.29 per cent protein, excels all the other varieties, 


The average fat in all the samples is 5.07 per cent and hence the 
varieties 28-15-2, L-11, N-207 and Babapuri having more fat than the. 
average are considered superior. And about the mineral matter, the same 
varieties 28-15-2, L-11, N-207 and Babapuri are above the average. 
Conclusively, from nutritive point of view the varieties 28-15-2, L-11, 
N-207 and Babapuri of bajra grown in Gujarat are the best. 


Further, it -is found that.each of the varieties of 28-15-2, Babapuri 
and N-207 grown at two different centres shows variation in protein 
content ( Table IL); "This could be attributed to the effect of soil and 


climate. 
TABLE. IÍ 
Effect of soil and climate on protein content of bajra 
Place Junagadh Amreli Vijapur Deesa 
x 4 : (Mehsana) (Banaskantha) 
Soil Black, Clayey, Black, Clayey, Alluvial Alluvial 
medium in Shallow sandy sandy 
- depth — . in depth loam 
| Rainfall cm. 90 55 55 35 
| (Annual mean) 
| Variety : 28-15-2 14.29 13.56 = c 
2» - Babapuri 13.76 13.62 E = 


» Кері = = ы? 12.56 
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oils and high rainfall seem to bring about higher 


Іп general, heavy 5 
this has to be confirmed with larger 


protein content in bajra, However, 
number of samples over several years. 


on cereals and millets of India, bajra seems to be 


Among the comm 
mineral: matter and 


most nutritious by virtue of its higher protein, fat, 
calorific value ( Table Ш). Gujarat bajra is- found comparatively superior 
to any of the cereals and millets since it shows the highest: protein 
(13.01 per cent), fat ( 5.07 per cent ) and calorific valüe (385 C per 100.g. ). 
The high fat content of bajra has one disadvantage, that the bajra flour 
cannot be keet for more than 3 to 5 days. The fat shows signs of 
rancidity and bajra flour develops a slight bitter taste. 


TABLE III 


Relative food value of a few Indian cereals 


Cereals Maize Wheat Rice Jowar Bajra Bajra 
( Gujarat ) 


нк а Eaa 


= = сыза “-- НН ЕСЕР Оер ___- m а нам Eee eel! Cl Ж 


с Per cent 

Moisture 14.9 12.77. 12.96 11.88 12.41 8.92 
Ether Extract (fat) 3.6 1445, (0:55: 1/03 4.99 5.07 
Crude proteins 11.1 11.77 6.85 10.42 11.59 13.01 
Crude fibre 2.17 1.20 — — 1.22 1.65 
N-free extract 66.20 71.30 79.14 73.99 67.14 69.42 
(soluble carbohydrates). 

Ash (mineral matter) 1.50 1.449 0.56 1.76 2.65 1.93 


Calorific value (C) per 342.0 345.4 348.9 352.8 359.9 385.1 
100 g. à у 
(ES шы... 
Source : Report on Marketing of Maize and Millets in India. 
Summary : 


ae RS 


Nutritive value of different seven promising varieties—(i) 28-15-2 

(ii) E-11, (iii) Babapuri, (iv) N-207, (v) E.M S. local, (vi). C.E.S. 50 and 
(уй) В-2-4-24 of bajra grown in Gujarat has been determined, Amongst 
these, the varieties of 28-15-2, L-11, N-207 and Babapuri haine the 
higher protein, fat and mineral contents, have been found superior. And 


"MT 
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while comparing with other cereals and millets, Gujarat bajra is found 
more nutritious. 
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A STATISTICAL SYSTEMATIC SYNOPSIS OF JHE GUJARAT 
STATE GRASSES 


G. A. KAPADIA 
Ahmedabad Science College, Ahmedabad 


Introduction 


Prior to the establishment of the Botanical Survey of India, all the 
botanical work was carried on as a labour of love by various persons 
engaged in various branches of the public service. Here and there scattered 
information about the grasses found growing in our area have been recorded 
by various collectors. The necessity for local regional floras to suppliment 
Cooke's great work was recognised to prepare such floras. Our knowledge 
of the distribution of the grass species within our area is enlarged by such 
special publications. 


Further impetus to enhence this work is given by the staff of the 
Botany departments of various Universities and colleges in Gujatat State. 
The compilation of these plants will be the nucleus for the Flora of Gujarat. 


Various collectors during their visits to different localities collected 
plants including grasses but Sedgwick (1914) was the first to publish the 
list or grasses of Ahmedabad and Surat. The monumental monograph by 
Blatter and Mc Cann (1935) contains description of 319 species belonging 
to 110 genera. Of these 27 species of 23 genera are recorded from Cutch; 
100 species of 60 genera from Gujarat; and 36 species belonging to 27 
genera from Kathiawar—the present Saurashtra, But the inclusion of the 
author's (1945, 1947, 1950, 1952 and 1954) papers bring the total for 
Saurashtra 81 species and 49 genera and for Cutch 63 Species and 42 
genera. Recently a consolidated account of 90 genera and 203 species of 
grasses of Gujarat State is given by Patel ( 1965 ). 


The present paper deals with certain statistical observations. The 
data have been obtained by analysing the various publications mentioned 
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under “Literature Cited". I have adopted the arrangement and nomen- 
clature given in the monumental work of Bor ( 1960) which must remain 
as the stardard work for botanists of Bharat for many years to come. 
For Bambuseae reference is made to the monumental monograph on 
Bombay Grasses. So far recorded state grasses comprise in 18 tribes, 95 
genera and 234 species. 


Systematic Statistics 


Table I gives the number of genera, species and ratio of genera to 
species in the sub-families Panicoideae and Pooideae in State and each 
of its three regions. For comparison figures are also given at the top - 
are from Bombay grasses. 


TABLE I 
Panicoideae Pooideae 
Localities Genera Species Ratio of | Genera Species Ratio of 
Genera to Genera to 
Species Species 
Bombay 
Presidency 60 177 1:2-95 44 114 1:2.59 
State 56 146 1:2-607 39 88 1:2.256 
(12 13 1:1-08 11 14 1:1.27 - 
сш 133 63 у ПУ 0 CS 
г 38 59 1:1.55 22 41 1:1.86 
бш 1s 133: 12502 o ӘСІ 
33 50 ІЗЕТ 16 31 1:1-93 
Saurashtra ls 944 1208 202 @ шл 


= 


From the above table I it is seen that the ratio of genera to species 


of sub-family Panicoideae varies from 1: 1.909 for Cutch to 1 :2.607 


for State. The ratio of genera to species for the sub-family Pooideae 
varies from 1:1.815 fcr Cutch to 1:2.256 for State. The ratio of genera 


` to species of sub- family ти in Saurashtra is higher арк Tatio of 
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while the ratio of genera fo species of 


enera to species of Panicoideae; | 
5 rat is higher than that of Pooideae. 


Panicoideac of the State, Cutch and Guja 
Further the sub-family Panicoideze predominates over Pooideae with regard 


to both genera and species. 
Table II gives the ratio of species and of genera of Pooideze to 


Panicoideae in State as a whole and each of its three regions. Further for 
comparison top figures are also given from Bombay Grasses. 


TABLE II 
—— —— nM — — 7 г и 
Localities Ratio of Species of Ratio of Genera of 
Pooideae to Panicoideae Pooideae to Panicoideae 
Bombay Presidency 1:1.55 1:1.36 
Stato 1:1-659 i 1:1-436 
| 1:0-92 1:1-09 
сш | 11.285 1:1.222 
Gujarat 1:1.44 1:1.72 
Va 1:1.727 1:1.405 
Sl 1:1. 61 1:2.06 
nra | 1:1-492 1:1-551 


From table II it is seen that the ratio of species of Pooideae to 
Panicoideae is higher than that of the ratio of genera of Pooideae to 
Panicoideae in State, Cutch and Gujarat; while in Saurashtra ratio of 
genera of Pooideae to Panicoideae is higher than that of ratio of species 
of Pooideae to Panicoideae. The ratio of species of Pooideae to Panicoideae | 
varies from 1: 1.285 for Cutch to 1: 1.727 for Gujarat. Further this ratio 
is higher than that of the State. The ratio of genera of Pooideae to | 
Panicoideae varies from 1:1.222 for Cutch to 1:1.551 for бшсш | 
This ratio is also higher than that of State as a puts 


, Table III gives tribes of Panicoideae and mooie with the number 
of deo and species in State, Cutch, Gujarat and Saurashtra, 
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Panicoideae R. Br. 


Andropogonae Dumort. 
Maydeae Dumort, 
Paniceae R. Br. 


Pooideae R. Br. 


Aeluropodeae Nevski. 
Aristedeae C. E. Hubb. 
Arundineae Dumort, 
Arundenelleae Stapf. 
Aveneae Dumort. 
Chlorideae Agardh. 
Eragrosteae Stapf. 
Isachneae Benth. 
Oryzeae Dumort. 
Perotideae C. E. Hubb. 
Sporoboleae Stapf. 


Thysanoleaneae C. E. Hubb. 


Triticeae Dumort. 
Zovsieae Miq. 
Bambuseae Nak. 


Total .. 
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TABLE III 
State Cutch Gujarat 
qx 9 Sg g 2 
2 8 POS ME 
b A 5 206 & 
35 81 19 29 33 74 
4 БОЕО: 4 5 
17 60 12 32 15 54 
1 1 i9 el 1 1 
1 7 1 4 1 5 
DEC eS) 2 3 
p и 0) 
1 1 - - 1 1 
5+ ІЗ 2 8 5010 
ІШ 49 7 1G 1 58 
1 2— у= ти 1 
22 29 OY 2 
1 1 Ro e 1 
9. 1» E 2 МО 
1 1 - - 1 1 
2 QF 072,959: 9472, 2 
3 3 SENS 25 2 
3 8 LI 3 3 
95 234 60 112 $89 210 


Saurashtra 


Genera 


ө- 0 (1 о = 
nN 
о | кә МЮ Шо мошо 2 


о >>" | 


74 157 


~ 


From the above table it is seen that the large number of genera 


four and five genera and the remaining 3 have 12, 
respectively. Of the 18 tribes 4 have one species, 3 each have two and 
three species, 1 each has four and five species. 
12, 13, 33, 60 and 81 species ROC So on and so forth for Cutch, 
"Gujarat and Saurashtra. 


comprise into 3 tribes only and the large number of species also comprise 
into 5 or 6 tribes only. In the remaining tribes the number of genera and 
species vary from 1 to 5. Of the 18 tribes of the State 7 have one 
genus i.e. monotypic, 3 have two genera, 3 have three genera, 1 each has 
17 and 35 genera 


The remaining 6 have 7, 
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Table IV gives five large tribes and its percentage of total grass 


species in State and its three regions. 


TABLE IV 


n = 
Аки —— = 
Tribes Percentage of total grass species in 


State Cutch Gujarat Saurashtra 


ee EIE 


Andropogonae Dumort. 34.6] 25.89 35.24 31.84 

Paniceae R. Br. 25.64 28.57 25-71 25.47 
__ Eragrosteae Stapf. 14.10 13-39 15.17 14.65 
| Chlorideae Agardh. 5.55 744 . 4.76 5.73 
| 


Sporoboleae Stapf. 5.12 6-25 4-76 5.09 


Total .. 85.02 81.24 85.64 81.78 


mn———MÓ——————— жеке —P tá 


Above table shows highest and lowest percentage of total grass species 
of five large tribes in bold figures. They also show variations among the 
tribes of the three regions and state. Further out of the 18 tribes of the 
state these five alone make up more than 807, of total grass species in 
the State and its thrce regions. 


Table V gives name of genus and the number of species in the 
world up to the years 1966 and 1935, Bombay Presidency upto 1935, 
Burma, Ceylon, India and Pakistan up to 1960, Gujarat State and its three 
regions Cutch, Gujarat and Saurashtra. 


TABLE V 
с ы з eS A ro oo 
Genera Number of Species in 
zu S 
за $9 & 8 з 
ССО Қазар р осы 8 = 
Seo ee ae) 5 = m 
~ ~ © ~ ~ = oO = 5 
S б 5 5 N = | 
= 8 ài $ S 22 
~ ~ | 
Ps a4, 5 с т «= 5" | 
Andropogon Linn. 113 100 1 9 ==. 
Apluda Linn, 1 1 1 1 ТА EST TH | 
Apocopis Nees. 11. 8 1 i) ff == qm e | 
i у à 1 ў | 
| Arthraxon P. Beauv. 20020 @ ОЙ 7 = 172 2: | 
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Bothriochloa O. Ktze. 20) 25 
Capillipedium Stapf. 10 6 
Chrysopogon Trin. 25 18 
Cymbopogon Spreng. 60 36 
Dichanthium Willenmet. 15 10 
Dimeria R. Br. 40 18 
Elyonurus Humb et. Bonplex. 25 15 
Willd. 

Eremopogon (Hack) Stapf. 4 5 
Erianthus Michs, 28 25 
Eulalia Kunth, S 25 
Eulaliopsis Honda, . 2) 1 
Hackelochloa O. Ktze. 1 1 
Hemarthria R. Br. 10 8 
Heteropogon Pers. 12 6 
Imperata Cyr. 10 5or6 
Ischaemum Linn. 50 50 
Iscilema Anderss. 20 5) 
Lophopogon Hack. 3 
Manisuris Linn, 5 12 
Narenga Вог. = 
Ophiuros Gaertn. 6+1 4. 
Pseudanthistiria (Hack) Hook 4 4 
Rottboellia Linn, 4 20r3 
Seccharum Linn. 5 8 
Sehima Forssk. 5 
Sorghum Moench. 60 35 
Spondiopogon Trin, - i19 8 
Thelepogon RothexR &Sch. 1 1 
Themeda Forssk 10 16 
Triplopogon Bor, | 1 — 
Veteveria (Linn,) Lam. Lisanc. 10 ff 
Chionachne R, Br. | СМЕНА 
Coix Linn, 5 5 or 6 


Trilobachne Schenck ех Henr, 1 
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1 2 Sura 5 6-4 В 2 
ж -  —— 
Zea Linn. 1 INST 1 1 1 1 1 


Alloteropsis J. S. Presl. ex. 


C. B. Presl. 10 S 2: ig EE 
Brachiaria Griseb. 50 80 3 21 6 Sv Wo dM 
Cenchrus Linn, DS o 25 2 OC NA 
Digitaria Heist. 380 100 6 29 £0 ЭК 52 
Echinochloa P. Beauv. 30 20-25 3 7 4 4 32 32 
Eriochloa Kunth. 20 20 2 2 1 — l! ЦЕ 
Oplismenus P. Beauv. 15 iS 2 42 —-= 2: 15 
Panicum Linn. 50 400 9 29 10 з: 82 6° | 
Paspalidium Stapf. 20 ID 8 3 ЗЕР %22 2 2 
Paspalum Linn. 250 200 3 14 5 4- 51 42 
Pennisetum Rich, 130 40 6 16 5 731 55 22 
Rhynchelytrum Nees 37 10 2 2) 1 1 — — 
Sacciolepis Nash 30 30 3 4 1 SENA emm 
Setaria P. Beauv 140 100 SU 107. 5 31 53 53 
Spinifex Linn. 3 4 1 1 1 [|с а ДАШ е 
Trachys Pers. 1 1 1 1 1 |р? “ыст а 
Urochloa P. Beauv. 25 18 4 5 1 — i2 1! 
Aeluropus Trin. 5 5 1 3 1 1! 11 11 
Aristida Linn. 330 320 9) Al 7 42 53 64 
Arundo Linn. 12812 1 1 1 1 1 1 
Phragmites Trin 8 32 Озь DEPT E: 
Arundinella Roddi 59 S9 i9 29 4 3272-5793 
Avena Linn. 0 $9 1 9 1 — 1 = | 
СМог Sw. TONES Ө пола ТЕЕ: | 
Cynodon Rich 10S 1755 74, 1 їй д уй | 
Melanocenchris Nees. 3 2 1 3 2 2 3 > 
Schcenefeldia Kunth. 2 = = 1 1 53 1 1 | 
= Тейтаророп Desf, 5-6 - = 2 2 1 2 1 | 
- Acrachne Wight et Arn. 1  — — 1 1 1 1 1 
" Dactyloctenium Willd. — 10 5 2 6 2 21 22 22 | 
y Dasmostachya Stapf. 1 1 1 j| iS ја 1 11 | 
| Dincbra Jacqu. 1:510 1 1 1 => ge it | 
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1 2 3 4 5 6 7 8 9 
Diplachne P. Beauv. 15 12 1 1 1 — Ig 
Eleusine Gaertn. 9+1 10 4 3 3 22 31 21 
Elytrophorus P. Beauv. 4 1 1 1 1 — hH —- 
Eragrostiella Bor. d ET — 7 1 — 1 — 
Eragrostis P. Beauv. 300 250 17 42 17 72 178 14 
Halopyrum Stapf. 1 i 1 1 1 i= 17 1! 
Leptochloa P. B:auv. 215 2 5 2 iz 22 Ts 
Tripogon Roem et Schult. 20 3 7 13 2 —- 2U =P 
Isachne R. Br. 60 30 4 25 2 — 1! a> 
Hygroryza Nees. 1 1 1 1 1 (е 1! 1- 
Oryza Linn. 25 17 1 14 1 1 1 1 
Perotis Ait. 10 4 1 2 1 —- 1! — 
Crypsis Ait. 10 — — 1 1 1 — — 
Sporobolus R. Br. 150 100 13 22 10 51 95 74 
Urochondra C. E.Hubbard.1 — — 1 1 1 1 1 
Thysanolaena Nees. 1 1 1 1 1 = ]! — 
Hordeum Linn. 20 25 1 10 i 1 1 1 
Triticum Linn. 20 20 1 8 1 1 1 1 
Dignathia Stapf, 4 — — 1 1 1 — = 
Tragus Haller 6+1 3 1 1 1 гот 1t 
Zoysia Willd. 10 10 1 3 1 1-90 ай 17 
Bambusa Schreb. Ж 75) 1 — de Lc el је 
Dendrocalamus Nees. 20 24 1 — 1 -т и 1! 
Oxytenanthera Munro. 20 16 2 — 1 ел; ИЕА 


Above table shows increase and decrease in number of species per 
genus. This is due to new records, name changes etc. The genera and 
species of grasses recorded from regions all over the world are 483 genera, 
and 5870 species as cited by Blatter and Mc.Cann (1935); 600. genera. 
and 7500 species as cited. by Good (1965), and 620 genera and 10000 
Species as cited by Willis (1966). 
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| The ratio of genera to species of grasses recorded from regions all 


over the world is worked out as 1 : 12.15 according to Blatter and Mc. 


Cann (1935); as 1:12.50 according to Good (1965) and as 1:16.13 
according to Willis ( 1966). 


Further it is seen that there are large number of genera have one 
and two species. Hence there are more number of monotypic and ditypic 
genera in the state and its three regions. Of the 95 genera Apluda 
Linn, Hackelochloà O.Ktze., Thelepogon Roth ex R & Sch., Triplopogon 
Bor, Trilobachne Schenck ex Henr., Zea Linn., Trachys Pers., Acrachne 
Wight et Arn., Dasmostachya Stapf., Dinebra Jacqu., Halopyrum Stapf., 
Hygroryza Nees., Urochondra C. E. Hubbard., and Thysanolaena Nees 
are unique in having monotypic. 


Besides the monotypic genera, absence of genera in any one or in 
any two regions can be made out such as 35 genera in Cutch, біп Gujarat 
and 21 in Saurashtra, so on and so forth, Of the 95 genera 52 аге presint 
in all the three regions of the State; 


The genera exclusively present in Cutch and Gujarat are 4 and 16 
respectively; but there is not even one genus in Saurashtra, 


Further each genus has up and down figures of species. The up 
one is up to the year 1935 and the down one is up to the year 1970, 
From these figures one gets the idea of the additions to the species during 
the lapse of 35 years. 


From the tabulation of species it is found that of the 234' species 

of the State 88 are present in all the three regions of the State. Of the 

112 species of Cutch 88 are common to Gujarat and 101 to Saurashtra. 
Of the 210 species of Gujarat 88 are common to Cutch and 138 to 

Saurashtra. Of the 157 species of Saurashtra 101 is common to Cutch | 


{ and 138 to Gujarat. Species peculiar to Cutch, Gujarat and Saurashtra | 
| аге 4, 59 and 2 respectively. - 1 


- The largest genera | including all ' 


with six and more Species are 
given in table VI, i | ; 


į 
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Genus 


Eragrostis P. Beauv. 
Panicum Linn, 
Sporoblus R. Br. 
Digitaria Heist, 
Ischaemum Linn. 


Aristida Linn. 


Arthraxon P. Beauv. 


Chloris Sw. 
Sorghum Moench. 


Brachiaria Griseb. 


Cymbopogon Spreng. 


It is seen from the above table that genus Eragrostis P. Beauv 
tops the list in all the 


aj БОЛТЫН Chennai апа eGangotri 15 
TABLE VI 
Number of species in Place in 
E E 
A о © а = © © & 
17-.- 75 7814 1 1 1 1 
10 3 8 6 2 4 ар 79 
10885 97174 2 21882 
92:43 8 5 3 4 3 4 
92-2 aS 4 8147-74 
7 4 5 (65 5 3 6 3 
7 1 T. 52 5 6 4 7 
ТЕРА 4 4 5 З 7 8$ 
7 1 Times} 5 71 4 6 
6 3 6 4 6 45% 25, 
6 3 5 4 6 4. 6 5 


three regions also. 


The next comes the genus 


Sporobolus R. Br. The rest of the places are also shown. Some of the 
genera have maintained their places while the others have attained higher 


or lower place with five and less than five species. 


The grass species of these eleven genera of the State comprise 40.17, 
39.52 and 38.21 percent of the total grass species for the State, Cutch, 
Gujarat and Saurashtra respectively. 


The number of genera having one and more species are given in 


table VII. 
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TABLE VII 
Genera in 
State Cutch Gujarat Saurashtra 
eee ae 


Species 

1 56 3619 5139 4229 
2 12 84 BE 15 
3 1 8 94 53 
4 6 6 Зз, 62 
5 3 1 53 a 
6 2 — it^ 2- 
7 4 I 95 п 
8 1 == 21 — 
9 1 — 15 = 
10 2 = = = 
14 — = = 1 

17 1 — 1 = 


From the above table it is seen that the number of genera having 
one species are 56 for State, 36 for Cutch, 51 for Gujarat and 42 for 
Saurashtra. So far and so forth for other species. The genera having one 
to five species comprise 84 genera and 140 species (59.86%) for the 
State, 59 genera & 105 species (93.7575) for Cutch, 81 genera and 141 
species (67.1375) for Gujarat and 70 genera and 124 species ( 72.6%) 
for Saurashtra. The number of genera having 6 and more species to 
complete the total number of genera and species are 11 genera and 94 | 
species (40.1475 ) for the State, 1 genus with 7 species ( 6.25%) for 
Cutch, 8 genera and 69 species ( 32.87% ) for Gujarat and 4 genera and | 
33 species (27.39% ) for Saurashtra. Top figures are of Bombay Grasses 
for comparison only. Percentages of these grasses are shown in brackets. 


aei 


Table VIII gives the number of genera, species, ratio of genera to | 
species, total grass percentage, area in sq. miles and density for State, 
Cutch, Gujarat and Saurashtra. 
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TABLE VIII 
a — ————— == уюы 
Genera Species ^ Ratio of Percentage Area in Density 
Genera to of total Sq. miles of grass 
Species 
State 95 234 1 :2.46 72,245 0.0032 
Cutch 60 112 1: 1.86 47.86 17,060 0.0065 
Gujarat 89 210 1 : 2.36 89.74 32,264, 0.0065 
Saurashtra 74 157 i| $2212 67.09 22,921 0.0068 


E ee eae или пеш ла. t. 


From the above table it is seen that there is gradual increase from 
Cutch, Saurashtra апа Gujarat in genera, species, ratio of genera їо“ 
Species, total grass percentage. As regards density of grass it is very 
nearly the same for Cutch, Gujarat and Saurashtra while it is very nearly 
half in the State. 


From table III of tribes, mean, stardard deviation and co-efficient 
of variation percentage of genera and species are calculated for State and 
its three regions. They are shown in table IX. 


TABLE IX 
Genera Species 
M S.D. СА M SD. Су 
біне). — 548-7 8316 1540 13.00. оз Е 
Cutch 3.33 4.76 143.00 6-22 9.32 149-80 
Gujarat 4.94 7-80 157.90 11.67 20.12 172.40 
Saurashtra 4.11 6-08 147.90 8.72 13.94 159.90 


eae 

Black figures show variations, Mean, Standard deviation and Co- 
efficient of variation percentage of genera as well as species increases 
from Cutch, Saurashtra and Gujarat respectively; but the Co-efficient of 
variation percentage Of genera and species of Gujarat is highest and it is 
higher than that of the State. 


Further from the data of table III correlations are worked out by 
the Carl Pearson's formula. The results are tabulated in table X. 
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: TABLE X 


Correlation between 


Gerera & Species Genera Species 
State 0.9709 
Cutch 0-9462 St. and Cut. 0.9831 0.9729 
Gujarat ` — 0.9661 St. and Guj. 0.9982 0.9986 
Saurashtra 0 0.9348 St. and Sau. 0:9949 0.9707 


Black figures show variations. Correlation between genera and species 
and also of species increases from Saurashtra, Cutch & Gujarat; while it 
increases from Cutch, Saurashtra and Gujarat in the case of genera. Hence 
there is close relation between genera and species of State and Gujarat 
and Cutch and Saurashtra; between genera of Gujarat and Saurashtra and 
between species of State and Gujarat and Cutch and Saurashtra. 

Further from the data of table V Mean, Standard ^ deviation, Co- 
efficient of variation percentage and Correlations are worked and the results 
are tabulated in table XI. 


TABLE XI 
M S.D. CIAZA Correlation C.R. 
State 2.46 2.65 107-60 
Cutch . 1.18 1.37 146-20 St. and Cut. 0.7987 
Gujarat N21 92:78 123.50 St. and Guj. 0-9561 
Saurashtra 1.65 1.98 119.60 St. and Sau. 0.9908 


—€——— нде санны n 
Black figures show variations. Mean and Standard deviation increases 

from Cutch, Saurashtra and Gujarat; but the Co-efficient of variation 
percentage increases from Saurashtra, Gujarat and Cutch. It is highest in 

| Cutch and it is higher in all the three regions of the state than that of 
d the state as a whole. Correlation figures increase gradually from Cutch 
Gujarat and Saurashtra. Hence the grasses Of Gujarat State and of 
Saurashtra are closely related. à си 


{1 Further this compares favourably with the. phytogeographical regions 
of Hooker ( 1904 ). In doing so he took into. consideration the numbet; 
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of species of the ten largest natural order in each region. His knowledge 
of Indian flora was profound and his divisions of the area was and still 
very satisfactory. According to Hooker (1904) the present Gujarat State 
belongs to two regions-Cutch, Northern Saurashtra and Northern Gujarat 


to the Indus plain while Southern Saurashtra and Southern Gujarat to 
the Malabar region. 


Allied to grasses are sedges. Clarke (1898) attempted a somewhat 
different classification of the Indian floral regions on a more statistical 
basis, following the distribution of Cyperaceae. in India. According to 
him (1898) the.present Gujarat State comes under Malabar region. 


According to recent Calder's division (1938) the only area south 
of the river Tapti in Gujarat belongs to Evergreen Malabar region while 
the rest of the state area to Indus plain region. 


Ecological Statistics 
With the exception of three gigantic species of the tribes Bambuseae, 
all the grasses are herbaceous. Of the 234 species, 99 are annuals, 89 are 
perinnials are 21 are both annuals ог petianials. Some 18 of the annuals 
acquire or possess adaptations which induce.a perennial habit. Hence there 
are more number of annuals than perennials.. The perennial grasses usually 
form sod, grow in bunches or tussocks. 


The grasses are social or gregarious plants which often cover large 
areas to the almost entire exclusion of the other plants. As regards the 
number of individuals they exceed all other plant families. Grasslands are 
a conspecuous feature of our state and it is remarkable for its complete- 
ness. It is almost devoid of trees. The ecological conditions give rise to 
Warming's (1909) psammophytic class which merge into savannah, 


-Among the state grasses there are 23 gregarious, 19 sub-gregarious, 
16 sporadic and 3 both gregarious and sub-gregarious Species; There are 
few sporadic in one and gregarious and super eaves itt other. Hence 
‘there’ аге large number of gregarious species. 


The habitats of these grasses differ. "They ате” adapted for existance 
in many Kinds of habitats, such as in waters of rivers, ‘streams, ` canals, 
tanks, lakes, ponds and puddles. і l.c. Hydrophyte (1); in marshes, swamps те. 


Helophyte or Hygrophyte (63);- ‘in salt marshes of saline" soil Ler Halophyte 
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' (10); on rock i.e. Petrophyte or Lithophyte (25); on sand and gravel ie. 


Psammophyte (26); in arid areas i.e. Xerophyte (11); further xeromorphic 
adaptations are seen in above stated Halophyte, Lithophyte and Psammo- 
phyte; in shade of trees, in hedges and among bushes (27), on walls i.e. 
Mural (9); in dry open lands (37); in pastures (17); as weeds of cultivated 
fields etc. (11); along the road sides (5); on trees ie. Epiphyte (1); 
on waste land (8); on shifting sand and loose soil (10); on poor soil 
(6) and typical of black soil (5). 


There are 15 very variable species—variable in size and form, They 
have xerophyllous, hygrophyllous or intermediate between xerophyllous and 
hygrophyllous form ‘according to the habitat such as swamps, sandy soil 
or loamy soil. 


Economic Statistics 


Some species of the grass family Gramineae (Poaceae) were probably 
the first plants cultivated by the primitive man. The main value of these 
grasses rests upon their fruits, which are well known under cultivation as 
cereals. Besides cereals, poor people eat fruits or grains of other grasses 
(16) in ordinary times and more so in the times of scarcity. 


The fodder grasses (84) are of immense importance ав furnishing 
food for animals. Except a few many of the grasses are eaten by animals 
at some stage or other. All grazing animals have their likes and dislikes. This 
tends to eliminate the more pelatable grasses. By applying the principles of 
plant succession to the problem of over grazing, it is possible to over 
come many ofthe difficulties and also to increase or decrease the number 
of heads of stock grazed, before any appreciable damage is done. Of these 
84 fodder grasses majority (41) are considered as fair, some (33) as. good 
and few (10) as best fodder. Very little is known about the nutritive 
values of these grasses (Sen 1952). This information is necessary for the 


best utilization. of the grass. 


Certain grasses (2+1) are believed to increase the yield of milk of 
cows and buffalloes and impart beautiful white colour, 
and fine flavour to the 
investigation, 


granular aspect 
ghee. This belief amongst Rabaries is worth 


Grass may be made into hay or into silage or grazed, 
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E ‹ 
ajos ate у; 
for their medicinal properties, such as tonic, emollie 


Of the 234 species of grasses of the state 
AU . . 
ес,  diaphofa- 
Ar AE DIE 
tic, emmenogogue, stimulation etc. They are useful in curing various 


diseases, such as fever, skin, heart and lung troubles, rheumatism etc. 


There are (10) species which yield essential oils and they have 
multipurpose uses in soap making, perfume making, medicinal, insect 
repellent, flavouring foods and beverage etc. 


Leaves, stems and even roots of grasses yield fibrous materials with 
which various Kinds of papers, straw boards, fibre, pulp etc. can be 
manufactured. There are (17) such species. 


(8) species can be used for lawn making. Some (10) species are 
made use for thatching; (4) for wattle walls; (13) for matting; (6) for ropes; 
(2) for ornaments; (1) stuffing for pillows; (5) for brooms; (2) for brushes; 
(1) for cigarette and cheroot wrappers; (1) rodent repellant; (3) for bead 
work; (2) for musical instruments; (2) for screens and tatties and; (6) 
for baskets. Of all the grasses bamboos are well known for their multi- 
purpose uses. 


The extensively developed fibrous root system of grasses brings about 
desirable changes in the soil structure, adds organic matter and thus 
increases the fertility of the soil. 


Roots are also helpful in holding the soil particles from being 
washed away and thus prevent erosion. Most of these perennial grasses 
growing on sandy soil are useful as Sand binders. 


There are some harmful grasses. Some (8) are poisonous as they 
develop hydrocynic acid HCN during one or the other stage in their 
development etc. Some (2) cause mechanical injury to skin as they 
contain silicious matter in awns etc. Mention may be made of grasses occurre 
ing as weeds in cultivated fields. 


These numbers are not final but it will ро on increasing as a result 
of progress in research. 
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GUJARAT STATE GRASSES И 


G. A. KAPADIA 
Ahmedabad Science College, Ahmedabad 


The piesent account deals with the associates of grasses, distribution 
of major grass tribes, grass spectrum, iso-agrostological map and the- 
agrostological index, 


Associates of Grasses 


The associates of grasses are many. They are mostly herbaceous annuals 
and rarely perennial shrubs belonging to various families, So far known 
such associates comprise into 25 families, 70 genera and 125 species. They 
are given in table I, 


TABLE I 
Family G. Sp. Lo А ES 5. 2 

Capparidaceae Juss. 1 Convolvulaceae Juss, 3 8 
Polygalaceae Juss. 1 3 Solanaceae Juss. 1 1 | 
Malvaceae Juss. 5 11, Scrophulariaceae Juss. 1 4 | 
Sterculiaceae Vent. 3 3 Pedaliaceae R.Br. 2 2 | 
Tiliaceae Juss. 3 6 Acanthaceae Juss. 7 8 i 
Linaceae S. F. Gray. 1 1 Verbenaceae 1 1 [ 

Geraniaceae Juss. 1 1 Jaume-St-Hil 
г Sapindaceae Juss. 1 1 Lamiaceae Lindl. 3 534 
n Papilionaceae Giscke. 13 42 =Labiatae Juss. | \ 
y Caesalpiniaceae R.Br. 1 3 Nyctaginaceae Juss, 1 1 [ 
: ` Asteraceae Dum, 10 10 Amaranthaceae Juss. 4 E EC 
j Apocynaceae Juss. 1 Euphorbiaceae Juss, 1 1 [- X 
: Asclepiadaceae R.Br. 2 2 Hypoxidaceae R.Br, I 1 | 1 
Boraginaceae Juss. 2 2 | 1 
лл. 

рта $ 
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From this it is seen that of the: 25 families there are 13 with one 
genus and of which 9 have 1 species, 1 has 2 species, 2 have 3 species 
and 1 has 4 species; 3 with 2 genera and 2 species; 4 with 3 genera 
and each has 3, 6, 8 and 5 species respectively; and the remaining 5 each 
has 4, 5, 7, 10 & 13 genera and 5, 11, 8, 10 & 42 species respectively, 


Of the 70 genera 48 have 1 species, 8 have 2 species, 7 have 3 species, 
3 have 4 species and the remaining4 genera viz Indigofera Linn., Alysicarpus 
Neck., Desmodium Desv., and Crotalaria Linn, each has 5, 6, 6 and 11 
species respectively. They belong to the family Papilionoideae DC = Papilio- 
naceae Giseke, 


The four largest families are Papilionaceae Giseke, Malvaceae Juss, 
Asteraceae Dum ( =Compositae) and Acanthaceae Juss; and Convolvulaceae 
Juss. having in all 38 genera and 79 species and have 63,2 per cent of 
total species of associates of grasses, The family Papilionaceae alone has 
33.6 per cent of the total associates species. Further this order is maintained 
more or less when compared with that of Hooker (1906 ); Saxton and 
Sedgwick (1918), Chetterjee (1939 ), Blatter & Hallberg (1920 Jb Blatter 
et al (1929) and Kapadia (1949 and 1954 ) Chetterjee (1939) has not 
accounted for Monocotyledonous families and hencs for comparison with 
Hooker places are shown in brackets in table II, 


The value of Fabaceae Reichb (=Leguminosae Juss) plants as associates 
of grasses is of recent appreciation, The grasses when grown along with 
legumes not only а rich fodder is made available to cattle, but also soil is 
enriched in ‘essential plant food. Species of Papilionaceae have attracted 
attention in the tropical countries for the improvement of fodder and 
grasslands too. 


There are 45 legumes associates in the state, They are Alysicarpus 
vaginalis (Linn.) DC., A. bupleurifolius ( Linn.) DC. A longifolius ( Кош, ) 
Wt & Arn. A. violaceus ( Forsk) Schindler, А. tetragonolobus Edgew., A. 
reccmosus Benth., Crotalaria filipes Benth., C. filips var. trichophora Cooke, 
C. linifolia Linn., C. prostrata Rottle, C. retusa Linn., C. triquetra Dalz., 
Cileptostachya Benth., C. bifária Linn., С. orixenses Willd., С. medicaginea 
Lam., С. evulvuloides Wright, Clitoria ternatea Linn., С. biflora Dalz., 
Desmodium laxiflorum DC., D. diffusum DC., D. triflorum DC., D. 
гапвепсит DC., D. gangeticum var maculatum Baker., D. renifolium (Linn,) 
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Schindl., Heylandia latebrosa DC., Indigofera hirsuta Linn., 1. hochste Heri 
Baker., 1. linnaei S.I. Ali., 1. linifolia Retz., I. trita Linn., Phaseolus trilobus 
Ait., Pseudarthria viscida ( Linn. ) Wt & Arn., Psoralia. corylifolia Linn., 
Rhynchosia minima DC., R. minima var laxiflora Baker., Tephrosia purpurea 
Pers., T. senticosa Pers., T. strigosa ( Dalz.) Sant & Mahesh., Teramnus 
labialis Spr., T. mollis Benth., and Zornia diphylla Pers. 


Mention may be made of Cassia italica (Mill) Lamk., C.pumila 
Lamk., and С, tora Linn., of Caesalpiniaceae R.Br, 


The family Scrophulariaceae Juss., is wholly and solely represented by 
4 species of root parasitic Striga Lour. 

The family Convolvulaceae Juss. is represented by 3 genera and 8 species 
of twinners but the abssnce of the genus Cuscuta Linn is remarkable, Its 
reason may be searched out in the presence of siliceous cell walls of grasses, 
which parasitic Cuscuta is so far unable to penetiate, Recently it is put 
in to family Cuscutaceae Dum, 

The ratio of the genera to species of grasses is 1 :2.46, while that 
of associates of grasses is 1: 1.78 i.e. nearly three fourth of grasses. The 
density of the grasses is 0.0032 while that of associates of grasses is 0.0017 
ie. nearly half of grasses. 


With the exception of the family Hypoxidaceae R.Br., all belong to 
Dicotyledonous families, 


These numbers of families, genera and species of associates of grasses 
are not the final but they may go on increasing as a result of further 
explorations and observations. 

Tribal Distribution and Grass Spectrum 
An extensive survey of the literature on grass distribution throughout 
the world has been studied by Hartley (1950)to determine the average 
percentage of species of each of the major grass tribe in the total grass 
flora. They are Agrosteae, Andropogoneae, Aveneae, Eragrosteae, Festuceae 


and Paniceae with average percentage 8.2, 11.9, 6.3, 8.1, 16.5 and 24.7 
respectively. These averages give a close approximation to a “ normal 


spectrum” of Raunkiaer (1934) for grass distribution through the world, 
This “normal spectrum” is further modified by him (1954) in omitting 
Aveneae and modified average percentage of Andropogoneae Fast and West 
and Paniceae East and West with 17.2 and 8.2; and 18.3 and 33.3 respectively. 

By the method of Harltey (1954) following Bor (1960) calculations 
are made and they are presented in the table III, 
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From the above table it is'seen that the tribes Agrosteae and Testuceae 
are absent as they essentially belong to temperate parts of ‘both ‘hemis- 
pheres while Andropogoneae, Eragrosteae and Ратсепе each has higher 
percentage than that of the normal spectrum. The tribes Chlorideae and 
Sporoboleae have no place in the normal specturum but they are included 
in the five largest tribes in state and its three regions. The percentage of 
Chlorideae vary from 4.76 in Gujarat to 7.14 in Cutch; while the percen- 
tage of Sporoboleae vary from 4.76 in Gujarat to 6.25 in Kutch. ‘Both 
theses tribes increase gradually from Gujarat into Saurashtra and Kutch, 


According to Hartley (1950) they are of limited interest as they 
contribute less than five per cent; but it is not so in the present case as 


they further occupy a high fourth or fifth place with nearly 5 and more 
than 5 per cent. 


The percentage of Andropogoneae compares further favourably with 
that of Hartley (19582). According to him all floras with more than 30 
per cent of Andropogoneae-are in Indo-Malaysia, while five of these have 
more than 40 per cent. They are Khandala (Ind.), Western Ghats (Ind.), 
Bombay Deccan (Iad.), Lesser Sunda Island (Indonesia) and Madhya Pradesh 
(Ind.) with 47.5, 43.4, 42.9, 42.7 and 42,5 per cent respectively. Gujarat 
State with 34.61 comes under 30% to 40 Yo: Further it is remarkable that 
percentage goes on increasing from north to south in the statė. 


The percentage of Paniceae also compares favourably with that of 
Hartley (1958b), The highest recorded percentages of Paniceae, all above 
60 per cent, occur in British Guiana with 60.3, Suriname with 60.7 
French Guiana with 61.6 and Tapera with 67.6 per cent. All of them ate 
in north-eastern south America. The Gujarat State comes under 20% to 


307. In this case percentage goes on increasing from west to east in the 
state. 


The per cent of Eragrosteae compares favourably also with Eragrostéae 
Benth sub:ribe Eragrostinae of Hartley and Slater (1960). The highest 
Tecorded percentages of Eragrostinae is 20 per cent in central Australia and 
20-25 per cent in South Africa. The Gujarat State comes under 10% to 15%, 
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The percentages of tribes of the sub- family Eragrostoideae are worked 
out and percentages obtained are 27.77, 30.35, 27.62 and 29.3 for State, Kutch, 
Gujarat and Saurashtra respectively. These figures also compare favourably 
with that of 307 of Hartley and Slater (1960). This is further supported 
by the results obtained by following Blatter & Mc. Cann (1935) for Kutch 
as 30.2 percent by Kapadia (1954). They are also shown in the Table III. 
Further it was noticed that in this case percentage of Chilorideae is almost 
doub'e while that of Sporoboleae is half. But the percentage of Eragrosteae 
alone is 9.5 which is 17.28 per cent more than that of the normal. The 
marked differences in Chlorideae is due to taxonomical changes while that 
of in Sporoboleae is due to increase in the number of genus and species. 
So following Hubbard or Bor will not make any appreciable difference 
in the tribal distribution, grass spectrum and iso-agrostological classification, 


Further districtwise calculations are worked out and they are also 
shown in table III. The numbers in brackets are of grass species of the 
districts and regions. From the above table it is seen that the percentage 


of Andropogoneae vary from 19.05 of Bulsar to 47.91 of Dang. Further 


it is more than 407 and so far it is highest in Indo-Malaysia. It is 
higher than that of Khandala which has 47.5 per cent. Next to Dang is 
Panchmahals with 40.00 per cent. 


The percentage of Paniceae vary from 20.83 of Dang to 40.74 of 
Sabarkantha. The next higher percentage is 39.29 of Baroda. 


The percentage of Eragrosteae vary from 10-41 of Dang to 24-13 
of Kaira. The percentage of sub-family Eragrostoideae vary from 14.57 of 
Dang to 41.17 of Kaira. 


-The iso-agrostological classification remains constant An/E/P zone for 
all the districts; but the agrostolgal index shows variations in number of. 


one or more of tribes. e.g. 5 to 9 of Andropogoneae. and 4 to 8 of Eragro- 


— — sfeae and Paniceae. 


$ 


Y The Saurashtra region is divided into six districts. In fact the data 
p available for Saurashtra is mostly of Junagadh district. When further more 
information about the grasses of these districts will be ayailable, it will 
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not chanze this present pattern but it will also more or less fit in 
this pattern. 

The density of the grass species is 0-029 for Ahmedabad, 0-031 for 
Broach, 0.022 for Panchmahals and Kaira, 0.009 for Baroda and Sabar- 
kantha, 0-017 for Bulsar, and 0-016 for Surat. The least density is 0-006 
for Mehsana, While the highest is 0.069 for Dang. 


It should be borne in mind that the percentages of the total number 
of grass species of major grass tribes in any region bear a direct relationship 
to the climate of the region and in that temperature is much more 
important than rainfall. The temperature is a major factor for Andropo- 
gonea: and Eragrosteae, while both the temperature and rainfall are major 
factors for Paniceae. 


Iso-agrostological Maps 


By using the normal distribution spectrum, it is possible to prepare 
iso-agrostological maps of regions for which an adequate floristic data are 
available. When the percentage of grasses of a tribe in any region exceeds 
the percentage in the normal spectrum by more than 10 per cent that 
region is included wholly within the zone of abundance of this tribe. 
When the corrosponding percentage deviates from the normal percentage 
by less than 10 per cent, the demarcation line for the tribe is drawn to pass 
through the region, By the above method of Hartley (1954) iso--agrostological 
classification and iso-agrostological map of Gujarat State are prepared and 
the results are given in the table IIT. The Gujarat State and its three 
regions come under An/E/P zone. Fig. il. 


In short the iso-agrostological maps ate aco for visual assessment of 


similarities in grass distribution of various analogus regions. 


The Agrostological Index 


According to Hartley (1954) а more-satisfactory and quantitative . 
comparison between the grass flora of. different places can be made cut 
by the use of the agrostological index, In the preparation of this index 
the highest percentage value for each of the major grass tribes have been 
grouped into 10 classes. The value; _of this percentage for any locality can 
thus be placed in one of the 10 classes given in table III of Hartley, 
"Бог ready reference it is reproduced as table IV. j 


СС-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


A — —————————— ÀMÁÁ  —— —————Ó———————— — Él 


jo sorods 55818 jo обејиооло4 Surpuodsarroo pue sosse[ 


з 
| = ——————— 
| 159-686 ^ ДС 8°SS-L'6p 8`86—175© 861-001 — €'tv-LLi6 0Lc-U vc 6 · 
E 85-015 — vy CLE 9'6y-6 £v 950-526 921-661 9715-06 0%2-Г12 8 й 
5 : | я = 
5 1115-6 ў  T'LE6'IE vtv-cLE v'Cc-€ 6l РЕЗЕ 626-680 GUE NT f 
o x ШЕ, 
Е 8'Єу-9'9Е 81-992 CLE-V TE C'6I-T9I СӨБ 015085160 081—151 9 = 
oO , = 
Во goccec soreiz 016-6%0 0915600 60-68 505681 — серга | 65 8 
2 о 
б 262-020 190-0001 872-1781 801-176 8'8 -L9 881-СФІ 021-Г6 v = 
= c 
Ө 5 à Ç] 
5 612-297 651-1701 981—5`©@1 96-59 99-56% ГРІ-<6 06 -Г9 Є x 
E E 
5 9'vI-VL 9'0I-v' v'CI-€9 v9 -tt€ (ze. e En 09-ГЕ С 8 Е 
Е cL-UO0 65-19 c9 -ro TE -r0 EG О ev; IO 0% —1°0 I Е 
Ф SE 
5, 0 0 0 0 0 0 0 g s s 
5 - - 2 
B (15244) (soz) apaonjsay әрә]5018019. (sam) (2524) әрә}$о48р/ Ax : E 
N әрәдшод. аргиоводолрир ` | 55012) = 
5 - 9 
а о 
o 


г 


“411, yeg jo seosids ЈО oSejuoored одн) ЧоРӘ 


AI ATAVL 


Gujarat гє dw ygrSamaj Foundation Chennai and eGangotri 35 


The agrostological index worked out for the State and its three 
regions are also shown in table ІП. The Gujarat and State have an iden- 
tical agrostological indices. The Andropogoneae number increases by one 
from Kutch, Saurashtra and Gujarat. The Eragrosteae number remains the 
same inall, and the Paniceae number remains the same except Kutch by 
an increase of one i.e. 6. Hence they are very nearly identical. 


The agrostological index. is floristic one and it is based entirely on 
the- occurrence of species in a particular region. Further it has much in 
common with the life.from system of Raunkiare, which is also floristic but 


it 15 based on ecological significance. It forms a valuable guide in the 
problems of pastures and pasture plants, 


Summary 
The associates of grasses so far known belonging to 25 families, 70 
genera. and 125 species are recorded. Its four largest Families compare 
favourably with previous results of various workers. Further tribal distri- 
bution, grass spectrum, iso-agrostological classification and the agrostological 
index of Gujarat State, its three regions and various districts are tabulated 
accordingto Hartley's method and the results are compared and discussed, 
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PROTOCATECHUALDEHYDE AS AN INDICATOR FOR 
DIRECT EDTA TITRATIONS OF FERRIC IONS 


B. M. Desar 
M. G. Science Institute, Ahmedabad-9 


Abstract 


[Protocatechualdehyde has been used as indicator for, the direct 
EDTA titration of ferric ions. Titrations can be carried out in the pH 
range 1.0-3.0 with EDTA solution in burette. Microtitrations are feasible 
with this indicator, A large number of diverse ions are tolerated. Several 
synthetic solutions, an indigenous iron ore and a drug have been analysed 
according to the recommended procedure. ] 


While a number of substances have been used as indicators for 
direct EDTA titration of ferric ions, protocatechualdehyde has not been 
investigated as an indicator, This article reports the use of protocatechual- 
dehyde as an indicator for the direct titration of ferric ions, 


Experimental 


Ferric Nitrate Solution : 

А stock solution of ferric nitrate (0.1 М ) was prepared by dissolving 
40.389 gms. ferric nitrate nonahydrate in distilled water and making upto 
1 liter. It was standardised gravimetrically as ferric oxide. 


EDTA Solution : 
A stock solution of 0.01M Na salt of EDTA was prepared by 
dissolving 3.723 gms. of EDTA in 1 liter of distilled water. 


Indicator | Solutions : 
1% solution-was prepared from. pure sample of the .reagent by 
dissolving the requisite amount in 957/. alcohol. The. solutions, was stable 


‘upto 4 weeks, 
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Metal Solutions : | l | 
To study the interference of various foreign ions in the estimation 


of Ferric?* with EDTA, the corresponding analar quality of salts were 
taken and their 0.2M solutions prepared in distilled water. 


E Observations 


Protocatechualdehyde gives a green colour with ferric ions. There is 
а sharp colour change on titration with EDTA from green to yellow as 


the end point approaches. 


Effect of pH : 
When an aliquot of Fe?* is titrated with EDTA, iron can be estimated 


accurately in the pH range 1.0-3.0. However, it should be noted that 
below pH 1.5, the colour of the solution at the end point is of a slightly 
lighter shade, hence it is advisable to add slightly higher proportion 
of the indicator. 


Effect of indicator concentration : 

Titrations were catried out with different concentrations of the 
indicator and it was found that an addition of 4 drops of 17/ indicator 
solution gave satisfactory results. 


Effect of temperature : 
The titration could be satisfactorily carried out in the temperature 


range 5°-60°C. Similar observations with other indicators have been 
reported by us earlier! 2. 


_ Lowest concentration of iron : 


It is interesting to note that the end point can be detected even in 
1 ml. titration volume of 0.001M solution of ferric nitrate (56 ug of Без“), 
Hence, microtitration with EDTA is feasible with these indicators. 


Effect of foreign ions : 


The titrations of synthetic solutions were carried out at pH 2.0. 


of Zn?*, Cd2+, Al3+ and twice the excess of Са2% Sr2t, Ва2+, Pb?*, | 
Cr?*, Cu?* could be tolerated. Titt, Sb3+, Bis* phosphates, fluorides: 
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oxalates, vanadates, molybdates and tungstates interfered ‘at all levels. At 
pH 1.0, it was observed that 10 times excess of Ca?*, Sr2+, Ba2+, Pb2* 
and 25 times excess of Ni?*, Co?*, Cd?* 5 times excess of Thit, 744 
could be tolerated. Ferric ions in synthetic ternary mixtures could also 
be estimated according to the suggested procedure. 


Suggest procedure : 


Take a 5 ml. aliquot of solution containing ferric ions, adjust pH 
to 1.0, add 4 drops of 1.0 % solution of indicator and titrate against 
0.01M solution of EDTA to light yellow colour. 


Standard deviation : 
Twelve 2 ml. aliquots of 0.01M ferric nitrate were analysed accord- 
ing to the suggested procedure. The standard deviation is 0.5 Aa 
Protocatechualdehyde reacts with 
having the following structure : 


ferric ions to form a chelate 


|| 
| Муз 


| o— Fe | 2 


= 


Addition of EDTA, destroys the complex. 


Applications : 


An indigenous iron ore having the following percentage composition 
was also analysed by the suggested procedure : 


FeO, —92.8, ALO, 154 "МОЙ ©, GIRONE OR 
TiO, 04 МО 023, 006 0.03: 


0.865 gms. of the ore was weighed accurately, the ore was brought into 
solution by standard method and diluted to 1 litre. Two 5 ml. aliquots 
of the solution were then analysed as рег «ће. suggested procedure. The 
titre values of 0.01M, 5.0 ml. and 5.05 ml. EDTA correspond to 2.8 
mg. and 2.828 mg, respectively which are in good agreement with the 
calculated value 2.809 mg, 
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A drug, *Ferrofolsan' (containing ferrous sulfate ) manufactured by 
Mjs. Kalichemie, Hanover, Germany was also analysed by the suggested 
procedure. Five tablets (1.252 в.) were crushed and boiled with 10 ml, 
con. HNO, and 2ml. perchloric acid and evaporated to dryness, the 
residue was taken up with water and made to 250 ml, A 5 ml. aliquot 
of this solution needed 6.62 ml. 0.01M EDTA which corresponds to 500 
mg. FeSO, in the tablet, This is in good agreement with the expected 


value, namely 503 mg. 


Conclusions 


The suggested indicator can be worked at more acidic range than 
most of the indicators suggested so far, As the titrations can be satis- 
factorily carried out at pH 1.0, they are at par with cinnamohydroxamic 
acid?, N-benzoyl- N-phenyl hydroxylamine, N-phenyl hydroxamic acid, 
N-sulfophenyl hydroxamic acid? and 4.ОН-1-р sulfonate phenyl triazine‘. 
Moreover, micro titrations can be carried out with this indicator and as, 
little an amount as 56 ug of iron in 1 ml. volume can be easily and 
accurately determined, 
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INFLUENCE OF PARALDEHYDE AS CORROSION INHIBITOR FOR 
a-BRASS IN ACETIC ACID & CHLOROSUBSTITUTED 
ACETIC ACIDS SOLUTION 


N. K. PATEL 


Chemistry Department 
Bhavan's Sheth R. A. College of Science 
Khanpur, Ahmedabad-1. 


Abstract 


In the present investigation paraldehyde is studied as corrosion inhibitor 
for a-brass ( Си-63.2У , Zn—36.6% ) in 0.1N acetic acid, 0.1N monochloro 
acetic acid, 0.13. dichloro acetic acid and 0.1N trichloro acetic acid. Its 
efficiency decreases with increase in number of chlorine atom in acetic 
acid. Thus the inhibitive power of paraldehyde is in the following order : 


Acetic acid > Monochloro acetic acid >. 
Dichloro acetic acid  Trichloro acetic acid 


The inhibitive action of paraldehyde is a function of the reactivity of 
the functional group towards metal surface E thus protection is due to 
adsorption. 


Iatroduction : ) . 

Acetic acid and chlorosubstituted acetic acids are corrosive to brass: 
Among them trichloro acetic acid is a highly corrosive agent. Aldehydes 
are considered potential inhibitors for corrosion of metals and alloys in 
acidic media. 1. > 3 Little attention has been paid to inhibitory action of 
paraldehyde towards brass in acidic media. In the present work an attempt 
has been made to evaluate inhibitive power of paraldehyde towards corro- 
sion of brass by acetic and chlorosubstituted acetic acids. 4 


Experimental : 
Brass specimens of composition Cu-63 -2% Zn-36. 6%, Sn-0. 07% and 
Pb-0. 01% were cold rolled and annealed at 550°C. Rectangular specimens 
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ЊЕ of size 3x6 cm (26 S.W.G.) were used. Preparation, testing procedures 
and cleaning for the specimen were same as described earlier.* 260 ml. of 
the solution was used for immersion of each specimen. All experiments 
were carried out at 30-:2"C temperature. The results are given in Table 1, 


Experimental Results :. 
Acetic acid : Intensity of the colour of the solution decreased with 


increase in concentrations of the inhibitor. At lower concentrations of the 
inhibitor, solution was light green but at higher concentration of paraldehyde, 

| colourless solution was observed. Light brown film was observed on the 

| surface of the plate where maximum protection was nofed. The plate 
remained bright-yellow. Paraldehyde acts as an excellent inhibitor in acetic 
acid. Percentage inhibitive power increases with increase in concentration 
of inhibitor. There is dezincification where maximum protection is afforded 
by the inhibitor. 


Monochloro acetic acid : Light green solution was observed in most 
of the cases. Plate remained dull-yellow after cleaning with 5% sulphuric 
acid. It is a less effective inhibitor in this acid than in acetic acid. There 
is a tendency for decuprification. 


Dichloro acetic acid : Light green solution was observed in most of 
the cases, the plate was dull-ash in colour after cleaning with 5% sulphuric 
acid. Intensity of the colour of the solution slightly decreased with increase 
in concentration of the inhibitor. There is a tendency towards decuprification. 


+) , ~ ne : 

if Trichloro acetic acid’: Solution developed a slight green colour at 

x lower concen traton of the inhibitor. Plate remained slightly dull yellow 

à dion cleaning: Intensity of the colour of the solution decreased with increase 

| in concentration of the inhibitor. Generally, there is selective dissolution 
| of copper, 


Discussion :. 

In acetic acid, paraldehyde is found excellent inhibitor for brass. 
| Percentage efficiency decreases with increase in number of chlorine atom: 
АЯ substituted i i i ЕССЕ x 
f : in acetic acid. Thus less inhibition is afforded in trichloro 
\ acetic puo From the results one can say that percentage efficiency afforded 
by diie jabibitor may some what depend upon the acidity. In low acidic 
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solution high: efficiency is afforded by the inhibitor. Dissocidtion constants’ 
of acetic acid’ and chlorosubstituted acetic acids are as follows : 


Acetic acid 


— pka 4.76 
Monochloro acetic acid - — рКа 2.85 
Dichloro acetic acid — pka 1.25 
Trichloro acetic acid — рКа 0.66 


Thus low acidic solution may favour good protection. 


Conclusion : 

Paraldehyde acts as an excellent corrosion inhibitor for 63137 btass in 
acetic acid. Its efficiency decreases in the presence of chloride ions. It is 
less effective inhibitor in the case of trichloro acetic acid. The efficiency 
is due to adsorption of its acting group to the metal surface in low 
acidic solutions. 
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TABLE 1 


63/37 Brass (3x6 cm) IN (0.IN ) Acetic Acid and Chloro- 
substituted Acetic Acids with Paraldehyde 


Concentration Loss mdd Cu|Zn Inhibition 
of Inhibitor ratio (2) 


AZ) 


Duration : 5 days 
Acetic Acid 


Blank 21.5 2.9 -- 
0.076 13.3 1.5 37 
0.19 11.2 1.8 48 
0.38 10.7 1.0 50 
0.76 4.22 1.1 80 
1.9 1.94 — 91 
Monochloro: Асебіс Acid 
Blank 21.7 2.1 -- 
0.076 21.1 2.1 3 
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К о 15.2 2.3 30 
19 107 2.1 51 
Dichloro Acetic Acid 
Blank 30.6 que © I. 
0.076 22.3 Зз е: 27 
O16 ° ee 21.6 2.5 29 
0.38 19.8 2.3 35 
0.76 18.9 1.8 38 
1.9 16.1 1.9 47 


Trichloro Acetic Acid 
Duration : 2 days 


Blank 368 2.3 иза. 


0.076 276 2.2 25 

0.19 233 2.1 37 

0.38 215 2.1 42 

0.76 41887 2.0 42 

1.9 _ ОШ 2.0 43 
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ASYMMETRIC SYNTHESIS OF 
d-CAMPHOR а- & a/-CARBOXYLIC ACIDS 
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Chemistry Department | 
University School of Sciences 
Gujarat University, Ahmedabad-9 


Camphor o-carboxylic acid is of interest as an example of a stable 
B-keto-acid. It is obtained according to the method of Baubigny-Bruhl! 
easily from d-camphor by successive action of sodium and carbonic acid 
in the presence of a neutral solvent. It is also prepared by the action 
of carbon dioxide in the presence of sodamide on d-bromocamphor, and 
by the hydrolysis of d-a-cyanocamphor? 3. 


In the present investigation d-camphor a-carboxylic acid is prepared 
by two different routes. One from the Grignard reagent of d-g-bromo- 
camphor and carbon dioxide, and other by the action of carbon dioxide 
on sodio-d-camphor. 


On treatment of d-a-bromocamphor (1), (019 + 133.9 in ethanol, 
with magnesium yielded 4-а–сатрћогу! magnesium bromide (П ), which by 
the action of dry carbon dioxide followed by decomposition gave d-camphor 
a-carboxylic acid (III), [а] 8 + 62.5 in ethanol. 


When d-camphor (IV), [a]??+43-3 in ethanol, was reacted with 
sodium, a mixture of two isomers of sodio-camphor (V) and (VI) were 
obinated. 


This mixture on treatment with dry carbon dioxide and then sul- 
phuric acid to give a mixture of d-camphor a&-&q'-carboxylic acids (III) 
and (VII), (а + 17-9 in ethanol. 


In d-a-bromocamphor due to the gem-dimethyl group on the bridge 
carbon atom, the bromine atom at axial position is less hindered stearically 
as in borneol*, hence only one acid d-camphor a-carboxylic acid, [alg 
+ 62:5 in ethanol, is obtained. While in case of d-camphor, the acid is 
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obtained by the replacement of axial or equitorial hydrogen atom yielding 
a mixture of a-& а'-асійѕ, [a]5 4-17:8 in ethanol. If the right hand 
cyclopentane ring is considered in the a’-acid (УП), there is a 1 : 3-cis-repul- 
sion between the carboxyl and one of the gem-methyl groups, which is 
not possible in the d-acid (Ш), hence a-acid (III) is more stable than 
the q'-acid (УШ): Іп the above reaction, because of the decrease in the 
optical rotation the asymmetric synthesis took place with the major 
compound q-acid. 


ев 
cH 
H 
(17) 
со 
H then 
= Na nose 12504 
(x) (МГ) | 
| 
o — T | 
+ 0 | 
, H | 
COOH + COOH 
(ш 
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Experimental : 

d-Camphor ad-carboxylic acid ; The Grignard reagent, (+)-a-camphoryl 
magnesium bromide, was prepared by reacting magnesium (2:4 g., 0:1 mole) 
with d-a-bromo-camphor (23:1 g., 0:1 mole, |012 + 133:9 in ethanol) 
in absolute dry ether (230 ml.). It was then cooled to room temperature 
and dry carbon dioxide gas passed for half an hour. Next day the Grig- 
nard complex was decomposed with ice and ammonium chloride, extracted 
with ether and washed with water. The etheral solution on extraction with 
aqueous potassium hydroxide and neutralisation with conc. sulphuric acid 
gave d-camphor a-carboxylic acid, crystallised from benzene, m.p. 126°, 
yield 74 per cent, [a]#+62°5 (1=1, с=1:743 in ethanol) Zelinsky® 
reported g-acid in 50 percent yield and recorded m.p. 128°. (Found by 
titration with 0-1 N. NaOH, MW 194, Calc. for C,,H,,0,, MW 196.) 


d-Camphor а- & a'—carboxylic acids : The sodium salt of d-camphor 


. Prepared from d-camphor (15:2 g, 0:1 mole) in dry toluene (150 ml) 


and sodium (2:3 g., 0:1 mole) by refluxing for 3 to 4 hours. The reaction 


. mixture was cooled and dry carbon dioxide gas passed for one hour with 


gentle warming. On the next day toluene was distilled off, residue was 
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dissolved in water and then neutralised with conc. sulphuric acid when 
the mixture of d-camphor a- & a'-carboxylic acid was obtained, crysta- 
llised from benzene, m.p. 125--27°, yield 62 pər cent, [318 „17:9 (1=1, 
с=1:848 in ethanol). Mixed m.p. with the above compound 126”, 
Baubigny! reported g’-acid with m.p. 127-28°. (Found by titration with 0:1 N. 
NaOH, MW 193. Calc. for СНО» MW 196 ). 


References : 


1. H. Baubigny, Ber, 1870, 3, 382. 
J. W. Bruhl, Ber., 1903, 36, 668, 1307, 4290. 


2. J. W. Bruhl, Ber., 1904, 37, 2171. 
3. A. Haller, Compt. rend., 1886, 102, 1477. 


4. Y. Asahina, М. Ishidate and Т. Sano, Ber. dtsch. chem. Ges., 
1936, 69, 343. 


5. N. Zelinsky, Ber., 1903, 36, 208. 


СС-0. In Public Domain. Gurukul Kangri Collection, Nam ^ 


Digitized by Arya Samaj Foundation Chennai and eGangotri 
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CARBAMATE IN AQEOUS ETHYL ALCOHOL 
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Abstract 


[The overall stability constant of cadmium-diethyldithiocarbamate in 
75% ethyl alcohol was determined potentiometrically employing Bjerrum's 
method. The overall stability constant is of the order of 10*.] 


The stability constants by e.m.f. measurements of a metal in equi- 
librium with a chelate of the metal was first determined by Riley and 
Gallafent.! Bjerrum and Nielsen? described the determination of chelate 
formation constants by e.m.f. measurements. A method essentially same 
as Bjerrum but differing in detail was employed in present work. The 
following cells were employed : 


Cell а: -Cd/CdSO, іп 75% ethyl alcohol // SCE* 
Cell b : -Cd/CdSO, 4 NaDDC in 75% ethyl alcohol // SCE* 
In cells “а” and ‘b’ potentials of cadmium electrodes in equilibrium 


with the experimental solution were measured against saturated calomel 
electrode. The potentials corresponding to cells ‘a’ and ‘b’ may be written as 


кєз. BEST CAEN) 
{= — F (Cd) 


. RT, (Cd(DDCX) 
Ej Ej R qe (ppc-j 
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Where E, & E; are the oxidation potentials and E,° and Е,” are 
standard electrode potentials. The values of E, and E, were taken .with 
reference to saturated calomel electrode. Since saturated calomel electrode 
and cadmium electrodes used were same and assuming the diffusion potentials 
due to the liquid junction to be very nearly same, it is possible to subtract 
the values of E,° and E,° obtain E° for the reaction 


Cd** + 2DDC- «3 Cd (DDC), 


|. (Cd (DDC),) 
(Cd**) (DDC)3 


The values of E^ will be 


GC SIE E,°—E,° 
Be rp Ink or log ЕЕ 


The results are given in Tables I & II. 


at 25°C 


TABLE I 
No.  ml.of ml.of ml.of KCl .mlofethy|  e.m.f. log(Cd**) 
0.002M H,O 0.1M alcohol volts 
CdSO, 
l. 0.1 2.9 2.0 15.0 0.690 - 5.00 
2), 0.2 2.8 2.0 15.0 0.694 - 4.70 
3. 0.4 2.6 2,0 15.0 0.686 - 4.40 
4. 0.6 2.4 2.0 15.0 0.682 _– 4.23 
3. 0.8 2.2 2.0 15.0 0.680 - 4.10 
6. 1.0 2.0 2.0 15.0 0.680 - 4.00 
TABLE II 


No. ml. of т. of ті. of ті. of ті. of ethyl- ету. Jog ESODO 


CdSO, NaDDC H,O KCl alcohol volts [DDC-}? 


0.002M оом 0.1M 
l. 1.0 0.5 1.5 2.0 15.0 0.707 4.60 
2. 1.0 0.6 1.4 2.0 15.0 0.710 4.00 
3. 1.0 0.8 1.22 7 2.0 15.0 0.715 3.40 
4. 1.0 0.9 1.1 2.0 15.0 0.720 3.21 
5. 1.0 1.0 1.0 2.0 15.0 0.722 3.06 
6. 1.0 1.1 0.9 2.0 15.0 0.724 2.92 
7. 1.0 1.2 08: 20 15.0 0.726 2,80 
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A graph of e.m.f. against log (Cd * *) was plotted from Table I and 
the resulted graph was extrapolated. The intercept obtained was equal ‘to 
д [CD( CDDC);] 
E,^— 0.625 volts. A graph of emf. against log — [DDC-]: -- was also 


drawn. The graph on extrapolation gave intercept equal to E,°=0.765 volts. 


As seen above, log k at 25'C will be 


0.760— 0.635 0.125 
Lese a = 4.24. 
log k-— 50295 0.0295 


Thus the overall stability constant will be approximately equal to 1.7x 10* 
Thanks are due to Late Prof. A. M. Trivedi for interest in the ‘work, 
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P. E. Sturrock! has given a very simple procedure to determine that 
an acid is monoprotic. 


Consider the familiar equation, 


a [Aq] 
pH = pKa+ BETTY ] 


where [A-] and [HA] are the concentrations of the salt and acid 
respectively, Now, at 4 and 3 neutralization, we will have. 


pH;j,— pKa—log 3—pKa— 0.477 
pH,,,=pKa+log 3--рКа--0.477 
A pH = pH3)4— pHi а = 0.954. 


Thus for a monoprotic acid, change in pH between % and + titration points 
will be 0.95 pH units. 


In the case of diethyldithiocarbamic acid, when titration is carried 
out of sodium diethydithiocarbamate (NaDDC) with HCl or HAc the 
following values? of pH at } and 3 neutralization were obtained, 


NaDDC рН); рН),  ApH=pH3, 


mM — pHi), 
Normality of Acid 
НСІ 0.00884 1 7.4 8.5 1.1 
HC! 0.1050 2 7.7 8.6 0.9 
НСІ 0.1050 5 7.4 8.4 1.0 
HCIO, 0.0234 1 759 8.3 0,8 
НСІО, 0.234 10 7.4 8.2 0,8 
НАс 0.255 › 5 7.7 8.4 0.7 
НАс 0.255 10 7.5 8.3 0.8 
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ue of A pH is 0.8 pH unit in most of the cases and the 


The val 
The two separate breaks are not obtained. 


average will be 0.9pH unit. 


From the data one may conclude that 
ations are applicd. The acid is a dibasic one as two equ- 
of sodium salt. 


the acid is a monobasic one if 


the above equ 
valents of the monobasic acid are required for each mole 


By conductometric titrations? and pH measurements? also it is proved that 


diethyldithiocarbamic acid is a dibasic one. 


Hence, the procedure described by Sturrock! may be taken only for 
verification as it may not be very useful in cases where the two dissociation 


constants are very near to each other. 
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Abstract 


The working conditions for the use of 2,4 dihydroxy acctophenone 
oxime and 2,4 dihydroxy propiophenone oxime as indicatois for the direct 
NTA titration of ferric iron are reported. The indicators can be used 
for microtitration of iron, the lowest permissible concentration being 
56 ug/ml. A large number of diverse ions are tolerated, A number of 
synthetic solutions have been. analysed: by the suggested! procedure; The 
procedure has been applied to the analysis of iron: т an iron ore: : 

The substances reported in literature as indicators for- the direct- 
titration of“ ferric ions with nitrilo-triacetic: acid (NTA) are chrome: 
azurole s!, pyrocatechol violet?, and N-benzoylphenyl hydroxylamine?. The 
present article reports the use of 2.4. dihydroxy acetophenone oxime and 
2,4 dihydroxy propiophenone oxime as indicators for the direct NTA 
titration of ferric ions. 

Experimental : 

Ferric Nitrate Solution: A stock solution of ferric nitrate (OIM) 
was prepared by dissolving 40.389-gms ferric nitrate nonahydrate in distilled 
water and making upto 1 liter. It was standardised gravimetrically as: 
ferric oxide. 

NTA; Solution : А stock solution. of ОЛМ МТА was prepared Бу” 
Procedure described. by; Schwarzenbach?. Dilutions were made from this stock, 


Indicator Solutions ; 1.0 % solutions меге prepared from reagents by 
dissolving the: requisite amount: in 95'/“ајсоћој The: solutions: were stable 
Upto four weeks. ; 
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Metal Solutions : To study the interference of various foreign ions 


in the estimation of iren (III) with NTA, the corresponding Analar quality 


of salts were taken and their 0.2M solutions prepared in distilled water. 


Observations : 
2,4 dihydroxy acetophenone oxime and 2,4 dihydroxy propiophenone 


oxime and 2,4 dihydroxy butyrophenone oxime give violet colours with 
ferric ions. However, preliminary studies indicated that 2,4 dihydroxy 
butyrophenone oxime is not a satisfactory indicator, hence the first two 


substances were investigated in detail. 


Colour Change : 

If an aliquot of solution containing ferric ions is taken in a beaker 
and four drops of the indicator solution are added, the solution becomes 
violet. There is a sharp colour change on titration with NTA from violet 
to yellow at the end point. 


Effect of pH : 

When an aliquot of Fe?* is titrated with NTA, iron can be estimated 
accurately in the pH range 1.5-2.5. However, it should be noted that 
below pH 1.5, the colour of the solution at the end point is of a slightly 
lighter shade, hence itis advisable to add slightly more indicator (six drops). 


Effect of Indicator Concentration : 
"Titrations were carried out with different concentrations of the indicator 


(0.5%, 0.75% and 1.07) and it was found that an addition of four drops 
of 1.0% indicator solution gave satisfactory results. 


Effect of Temperature : 


The titration could be satisfactorily carried out in the temperature 
range 15°-50°C, 


Lowest Concentration of Iron : 

0.001M solution of ferric nitrate could be satisfactorily titrated with 
0.001M NTA by using these indicators: It is interesting to note that the 
end point can be detected even in 1 ml titration volume of 0.001M solution | 


of ferric nitrate, thus microtitration with. МТА is feasible with. thes? | 


- indicators. Сеј 
pe eee 5-21 "ed 
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Effect of Foreign Ions : 

The titrations of synthetic solutions were carried out at pH 1.0. At 
2.8 mg concentration of iron, 100 times excess of Nat, К+, NH,*, Cl’, 
Br’, СІО,, NO’, SO,”, 50 times excess of Be2* and UO2*, 20 times 
excess of Pd?*, 10 times excess of Ag*, 5 times excess of Ze. (Cap, 
AP*, Ni2+, Mg2* and twice the excess of Ca?*, Sr?*, Ba2+, Pb2+, Ста“, 
Co?* could be tolerated. Cu?*, Th**, 214% and anions forming stable 


complex with iron such as phosphates, vanadates, molybdates and tungs- 
tates interfered at all levels. 


Synthetic solutions containing more than one foreign ions were also 


analysed with the help of these indicators at pH 1.0. Results are shown 
in Table 1. 


TABLE 1 
Analysis of Synthetic Solutions 


ere, 


Taken Found Fet mg 


2,4 dihydroxy 2,4 dihydroxy 
acetophenone _ ргорторћепопе 


oxime oxime 
1. 2.8 mg Fe3+ + 50 mg Nat + 5 mg Agt 2.80 2.80 
2. 2.8 mg Fe?* + 10 mg Pd?* + 50 mg К+ 2.80 2.80 
3. 2.8 mg Без“ + 15 mg Ca?* + 25 mg NH,* 2.77 2.80 
4. 2.8 mg Fet + 5mg 512% + 5 mg Ca?* 2.80 2.82 
5. 2.8 mg Fe3+ + 20mg Бе" + 5 mg AP* 2.80 2.80 
6. 2.8 mg Fe3+ + 1 mgCo?* + 1 mg МЕ" 2.80 2.80 


Suggested Procedure : 

Take 5 ml. aliquot of solution containing ferric ions, bring the 
pH to 1.5, add four drops 1.07 solution of indicator and titrate against 
0.01M solution of NTA to light yellow colour. 


Applications : 
An indigenous iron ore having the following percentage composition 
was also analysed by the suggested procedure : 


Fe,0, 923, АЦО, 1.54, 50; A, CO 0з 
TiO, 0.1, MgO 0.28, Р 0.10, S 003 
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tely, the ore was brought 


1.84 gms of the ore was weighed accura 
‘to 250 ml. A 2 ml aliquot 


into solution by standard method and diluted 
diluted to 100 ml and two 2 ml aliquots of the 


of this solution was 
gested procedure. The titre 


solution were then analysed as per the sug 
values of 0.01M, 6.82 ml and '684 ml NTA correspond to 3.81 mg and 


3.82 mg respectively which are in good agreement with the calculated 


value of 3.82 mg. 


Conclusions : 
The suggested indicators «are superior to «pyrocatechol violet and 


N-benzoyl N-phenyl ‘hydroxylamine гіп that titrations can Бе cartied out 
in the pH range 1.0-1.5, and are more selective. 3 

We thank the University authorities for extending laboratory facilities 
and for the award of a research grant to one of us (B.M.D.). 
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In earlier communications? we have reported the use of sodium 
arsenite and KMnO, as corrosion inhibitors for aluminium in sulphuric 
acid solutions. In the present. paper we report the mechanism of action 
of these inhibitors by galvanostatic method. The preparation of specimens 
and corrosion tests were carried out as described by Desai et. al. The 
influence of current density (amp./cm,?) on the cathode and anode potentials 
of aluminium-2S in 0.2N sulphuric acid in the presence and absence of 
inhibitors is.given in Fig. I. The tafel parameters and values of inhibitor 
efficiency calculated from the extrapolation of anodic tafel line to the 
open circuit potential and from the intersection of cathodic and anodic 
tafel lines are given in Table 1. 


From the results of polarization of aluminium 2S in 0.2N sulphuric 
acid, it appears that the corrosion process is anodically controlled, In the 
presence of 0.57 potassium permanganate the steady state potential of 
aluminium 2S is shifted in the positive direction. There is perceptible 
influence of the inhibitor on the cathode polarization. However, the in- 
hibitors show a very strong influence on the anode. Thus potassium per- 
manganate is a mixed type inhibitor with predominance of anodic action, 


In the presence of sodium arsenite there is an increase in anode 
polarization, However, the effect of inhibitor is less perceptible for the 
cathode ‘reaction, The superior action of ‘potassium permanganate is 
reflected in;polarization studies, Polarization measurements in 0.2N sulphuric 
acid indicate that the corrosion of aluminium 2S is predominently anodically 
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controlled. In 0.2N sulphuric acid, in the presence 0,05% potassium per- 
manganate the corrosion is accelerated. The accelerating effect at the 
lower concentration of potassium permanganate is also evident from 
polarization measurements. Both the cathode and the anode are depolarized 
in the sense that the corrosponding shifts in the presence of potassium 
permanganate are less than those in its absence. On the addition of 
0.05% potassium permanganate the corrosion potential shifts in the positive 
direction by above 320 mv. Thus only from the shifts in the corrosion 
potential one cannot arrive at the conclusion that a substance is an 
inhibitor or not, because depolarization effect can also biing a considerable 


shift in the corrosion potential either in the positive or the negative 
direction. 


In the presence of 0,5% potassium permanganate, the corrosion 
potential is shifted in the positive direction, the shift being 677 mv. upto 
a current density 0.5, theshift in the cathodic potential during polarization 
is less in the presence of 0.5% potassium permanganate than those in 
0.2N sulphuric acid alone. Subsequently, shifts in cathode potential during 
cathode polarization is greater than corrosponding shifts in 0,2N sulphuric 
acid alone. Anode polarization measurements indicate. the ‘significant 
influence of potassium permanganate on the local anodes which may be 
due to film formation. Potassium permaganate appears to be a mixed 
inhibitor with its predominent effect. 


The addition of sodium arsenite, brings about a slight shift of the 
corrosion potential in the positive direction. Polarization measurements 
indicate the effect of the inhibitor on both the local cathodes, and anodes, 
the effect of sodium arsenite on the local anodes is, however, greater than 
that on the cathode. Thus sodium arsenite appears to be a mixed 
inhibitor. 


Conclusions : 

The inhibitor efficiency for sodium arsenite obtained from loss in 
weight data compares satisfactorily with that calculated from extrapolation 
of the anodic tafel line to the corrosion potential, confirming ther predo- 
minant action of sodium arsenite on the local anode 
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With potassium permangate, the efficiency obtained by loss in weight 
method compares well with those obtained from extrapolation of the 
anodic tafel line to corrosion potential as well as from intersection of 
cathodic and anodic tafel lines to the corrosion potential indicating again 
the mixed effect of the inhibitor. 
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THE DIRECT CyDTA TITRATION OF FEBRIC IONS 


M. N. рва, K. С. Desai, B. S. ParwARI, M. H. GANDHI 


Chemistry Department 


University School of Sciences 
_ Ahmedabad-9 


Abstract 


The working conditions for the use of catechol, protocatechualdehyde 
and protocatechuic acid as indicators for the direct CyDTA titration of 
ferric iron are reported. The indicators can be used for microtitration of 
iron, the lowest permissible concentration being 280 ив | mol. A large 
number of diverse ions are tolerated. A number of synthetic solutions 
have been analysed by the suggested procedure. The procedure has been 
applied to the analysis of iron in an ore and in drug. 

* ж * 

Marple! showed the superior accuracy of CyDTA compared to the 
direct EDTA titration of iron. According to him the end point with chrome 
Azurol S is much more easily determined than that with thiocyanate or 
sulphosalicylic acid. It is to be noted however that miligram-amounts of 
aluminium react with chrome Azurol S to give a violet colour which 
obscures the end point for the iron titration. The conditions for the use 
of thiocyanate indicator are very restrictive. According to Martinez? with 
sulphosalicylic acid and tiron results are high upto 4%. The present paper 
reports the use of catechol, protocatechualdehyde and protocatechuic acid 
as indicators for the direct titration of iron using CyDTA. 


Experimental 
Ferric nitrate solution 


A stock solution of ferric nitrate (0.1M ) was prepared by dissolving | 


40.389 gms ferric nitrate nonahydrate in distilled water and making upt? 
] liter. It was standardised gravimetrically as ferric oxide. 
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CyDTA solution 
A stock solution of 0.01M CyDTA was prepared by disolving 3.4 gms 
of CyDTA and 1.6 gms sodium hydroxide in 1 liter of distilled water. 


Indicator solutions 


1% solutions were prepared from reagents by dissolving’ the réquisite 
amount in 957 alcohol. The solutions were stable upto 4 weeks. 


Metal solutions 

To study the interference of various foreign ions in the estimation 
of iron ІП with CyDTA, the corresponding Analar quality of salts were 
taken and their 0.2M solutions prepared in distilled water. 


Observations 
All the substances gave green colours with ferric ions, 


Colour Change 

Take an aliquot of CyDTA solution in a breaker and add four 
drops of the indicator. There is a sharp colour change on titration with 
ferric ions from deep yellow to green at the end point. 
Effect of pH 

When an aliquot of Fe3* is titrated with CyDTA, iron can be 
estimated accurately in the pH range 1.0-2.0. However, it should be noted 


that below pH 1.5, the colour of the solution at the end point is of a 
slightly lighter shade, hence it is advisable to add slightly more indicator 


(about four drops ). 
Effect of indicator concentration 

Titrations were carried out with different concentrations of the 
indicator (05%, 0.75% and 1.07% ) and it was found that an addition of 
2 drops of 1% indicator solution gave satisfatory results. 


Effect of Temperature 
The titration could be satisfactorily carried out in the temperature 


range 15°-50°C. 


Lowest Concentration of Yron 
0.001M solution of ferric nitrate could be satisfactorily titrated with 


0.001М CyDTA by using these indicators. 
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Effect of Foreign 1005 

The titration of synthetic solutions were carried out at pH 1.0. At 
14 mg concentration of iron, 100 times excess of Na*, K*, NH,*, Сіз, | 
Вг”, ClO,-, NO; 50,2-, 50 times excess of 002+, 30 times excess of | 
Co?*, 20 times excess of Mg?*, Са2% 5г+2, Ba?*, Со2+, 10 times excess 
of Agt, Pb!*, A+, МЕТ, 5 times excess of Zn?*, Cd2+, and an equal 
amount of Cu?* could Бе tolerated. Mn?*, 714%, Th**, and anions forming 
stable complex with iron such as phosphates, vanadates, molybdates and 
tungstates inierfered at all levels. 

Synthetic solutions containing more than one foreign ions were also 
analysed with the help of these indicators at pH. 1.0. Results are shown | 


in Table 1. | 
| 
TABLE | | 
Analysis of Synthetic Solutions | 
V Found Fc*3 “mg | 
nO ТЕГ ee | 

Taken Pyro- Protoca- Proto- 
catechol — techual cachic | 
dehyde acid | 
1. 2.8mgFet?450mgNa*t+l0mgAgt 2.80 2.80 230 4 
2. 2.8 mgFo*?--25 mg Pd+2+50mg K+ 280 2.80 2.80 | 
3. 2.8mg Fe*3+20 mg Са+° +20 mgSr*? 2.80 2.80 2.80 | 
4. 2.8 mg Fe*?--20 mg Sr+2+ 20 mg Bat? 2.80 2.81 2.80 | 
5. 2.8 mg Fe*3+20 mg Fet?+20 mg Al*? — 2.80 2.80 2.80 | 
6. 2.8mgFe*3.- 1 mg Cu*?-- 5 mg Ni? 2.80 2.80 250 | 
7. 2.8 mg Ев?3--20 mg Co*2.4. 2 mg Nit? 2.78 2.5 250 | 


SS Ee 
Suggested Procedure 


Take 5 ml 


e m 


S aliquot of solution containing CyDTA, adjust pH 1.0-2.0 
n . а а у i ; 

| Е 2 drops of 1.0% solution of indicator, and titrate against fertic 
solution to green colour. 


Reference 
—-lL.- L. W. Marple : * Talanta ^, 11, 1268-72 ( 1964) 
2. F. B. Martinez, R. Mendora, | 


*Quime Ind. Bilboa’, 6, 3- M 
pon , 6, 3-7 (1959), as per А. А. 6, 4772 ( 160). 
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COLLOIDAL SUBSTANCES AS CORROSION INHIBITORS FOR 
ALUMINIUM IN SODIUM HYDROXIDE SOLUTIONS 


J. D. TALATI, B. M. PATEL and М. М, DESAI 


Chemistry Department 
University School of Sciences 
Gujarat University, Ahmedabad-9 
(India ) 


Abstract 


Acacia, agar agar, gelatine and gum tragacanth have 
been investigated as corrosion inhibitors for aluminium 
2S and 57S in sodium hydroxide solutions. Acacia, 
agar agar and gelatine are mixed inhibitors with 
predominant action of the local anodes whereas 
gum tragacanth is an anodic inhibitor. 


Due to its amphoteric nature, aluminium - oxide can not protect 
aluminium in alkaline solutions. Thus the metal is severely corroded. 
However, pickling of aluminium articles in alkaline solutions is a very 
widely applied practice in industry!. Prior to anodization, aluminium parts 
are degreased by dipping in 5% sodium hydroxide solution. Finding 
effective inhibitors for the corrosion of aluminium in alkaline media is, 
therefore, essential but rather difficult. As Antropov“ has rightly remarked, 
* For a corrosion process occuring at a very negative potential, as for 
example, dissolutions of aluminium or zinc in alkaline media, all organic 
compounds will be ousted from electrical double layer and it will be 


difficult to find an effective inhibitor.” | 


In the present paper gum acacia, gum tragacanth, agar ‘agar and 
gelatine have been investigated as corrosion inhibitors for aluminium 
alloys 25 and 57S in 0.1М-1.ОМ solutions of sodium hydroxide. The 
СС-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Г Г" 


EE ниши 
| m 


Т Digitized by Агуа Samaj Foundation Chennai and eGangotri Vidya 


metal samples used ( Indian Aluminium Co. Ltd., Bombay) had the 


following compositions : 
Aluminium 25: A1-99.76, Fe-0.15, Si-0.09 7, Ti, Cu, Mg 

and Mn traces, soft temper, 22 S.W.G. and 

Aluminium 57S : Al-96.81,  Mg-2.22, Fe-0.41, Mn-0.31, 

Si-0.19, Cu-0.05, Ті-0.01%, soft temper, 


20 S.W.G. 
nd corrosion tests were carried out 


influence of inhibitor 
The influence of 


The preparation of specimens a 
as described in our earlier publication’. The 
concentration on inhibitor efficiency is given in Fig. 1. 
current density on “the cathode and anode potentials of aluminium 2S in 
ОМ sodium hydroxide is given in Fig. 2. The tafel parameters and the 
values of inhibitor efficiency calculated from the extrapolation of anodic 
tafel line to the open circuit potential and from the intersection of cathodic 


and anodic tafel lines are given in Table 1. 


100 


90 ACACIA AGAR AGAR GELATINE GUM 7RAGACANTH А 
277. 


7. INHIBITION 


10 10 
INHIBITOR CONCENTRATION 7 


Fig. I: Influence of inhibitor i i 
5 | Concentration on inhibitor efficiency, 
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Fig. II : Influence of current density on the cathode and anode potentials 
of aluminium 2S in 0.IN NaOH in the presence and absence 


of Inhibitors. 
ж Q.IN NaOH 
o 0.IN NaOH--Gum tragacanth 1.0% 


х 0.1N NaOH+Agar Agar 1.07 
AN 0.1N NaOH + Acacia 1.077 
О олм NaOH + Gelatine 1.0% f 
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Observations : 


The corrosion of aluminium in sodium hydroxide increases with time, 
temperature and concentration of sodium hydroxide. 


Gum acacia 

: At 0.3 7 concentration, gum acacia affords nearly 50% protection 
to aluminium-2S in 0.1, 0.2, 0.5 and 1.0N sodium hydroxide solutions 
upto 3 hours, the corrosponding values for aluminium 57S, ranges from 
42-44%. The addition of acacia to 0.13 sodium hydroxide solution brings 
about a slight change in the corrosion potential of aluminium-2S in the 
negative direction. Polarization measurements indicate pronounced effect of. 
the inhibitor on the local anodes as compared to that on the local 
cathodes. Thus acacia appears to be a mixed inhibitor with predominent 
action on the local anodes. 


Agar Agar 

At 0.3 2 concentration, agar agar protects aluminium 25 in 0.1N, 
0.2N, 0.5N, and 1,0М solutions of sodium hydroxide to an extent of 
45-48%, the corresponding value for aluminium 57S is 35-38 7. The 
behaviour of agar agar is similar to that of acacia. Polarization results 
indicate greater effect of agar agar on the local anodes. Thus agar agar 
also is a mixed inhibitor with predominent action on the local anodes. 
A comparison of results obtained with agar agar and acacia showed the 
better inhibitive action of acacia. This is also confirmed by considering 
the anode polarization in both the cases, Acacia brings about greater | 
shifts in the anode potential during anode polarization as compared to that 


Observed in the presence of agar agar. 


Gum. tragacanth 

It is a very good inhibitor for the corrosion of aluminium-2S in 
0.1N, 0.2N, 0.5N and 1.0N solutions of sodium hydroxide and affords 
80-88 7 protection in the temperature ranges 25-35*C the corresponding 
inhibition range for aluminium М575 is 60 to 65 7. The addition of gum 
tragacanth shifts the corrosion potential of aluminium 2S in the positive 
direction. Of the inhibitors investigated, gum tragacanth is the only inhibi- 
tor which shifts the corrosion potential in positive direction. The shifts 
in the cathode potential during cathode polarization are less in the pre- 
sence of gum tragacanth than those observed with 0.1N sodium hydroxide 
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| 

solutions without the inhibitor. The effect of gum tragacanth is pre- | 

1 dominantly on the local anodes. At the current density 20m A/dm? the shift | 
in anode potential during anode polarization is 300 mv. of all the inhibi- ! 
tors studied gum  tragacanth brings about the most significant effect on 


| 
the local anodes. Gum tragacanth is an anodic inhibitor. | 
| 
| 
| 
| 
| 


Gelatine 

It protects aluminium-2S in 1.0N sodium hydroxide solutions to an 
extent of 6777 and in 0.2 and 1.03 solutions of sodium hydroxide to an 
extent of 58%, the corresponding range for aluminium-57S in 0.1N 
sodium hydroxide solution is 60 7 in 0.1N sodium hydroxide and 48 Z 
at higher concentrations. Gelatine increases the polarisation of both the 
cathode and the anode. However, anode is polarised to a greater extent 
than the cathode. 


The efficiency of acacia and agar agar calculated from the inter- | 
section of cathodic and anodic tafel lines t» the corrosion potential com- | 
pares reasonably well with that obtained from loss in weight data indicat- 
ing the mixed effect of the inhibitors. 


| 

With gum tragacanth and gelatine efficiencies calculated from extra- | 
polation of the anodic tafel line to corrosion potential compare well with | 
those obtained from lossin weight data, confirming again the predominant | 
action of these inhibitors on the local anodes. 
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X-RAY DIFFRACTION ANALYSIS AND THERMO GRAVIMETRIC 
ANALYSIS OF SOME CLAY MINERALS 
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Chemistry Department 
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Gujarat University, Ahmedabad--9 (India 


Clay minerals exist for the most part only in very fine particle size, 
and this fine powder form must be used to obtain the diffraction patterns. 


Identification of minerals by X-ray analysis is widely accepted and depends 
upon the spacing of characteristic line patterns. Grim! considers that in 
the case of clay minerals, the first order basal reflections are frequently 
the most important reflections. In clay minerals there are very у reflec- 
clions obtained from spacings less than about 1°A. First order basal 
reflections of the clay minerals may correspond to spacings as large as 
20 to 30°A. In the case of a mixture of discrete clay mineral particles, the 
diffraction pattern will contain reflections typical of each component. The 
basal spacings of layer lattice minerals, і.е. the distance between identical 
planes of atoms in two successive layers are different, and reflections from 
such planes are characteristic of the mineral type Gruner??, Brindley^ and 
Brindley and Robinson? have shown that for kaolinite prominent basal 
reflections at about 7-14°A (001) and 0.577А (002) are adequate. Accord- 
ing to MacEwan$? for montmorillonite, the basal reflections vary with 
state of hydration. The principal line corresponding to the spacing of the 
basal section for the layer lattice of montmorillonite is 14°A. 


Data in diffraction patterns are presented in Tables 1, 2 and 3. 

Differential thermal analysis (DTA) has been used since long by 
various workers. Orcel8 and Orcel and Caillere? emphasized clearly the 
applicability of the method to the clay mineral researches. Differential 
Thermal Analysis and Thermo-Gravimetric Analysis (TGA) are techniques 
of analysis of a superior character to dehydration, and can be used for 
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TABLE 1 
Characteristic Reflections of Clays 
Serial Sample Observed Inference Standard 
No. No. Characteristic Characteristic 
reflections reflections 
94 A 
І 12 (ї) 33264 Quartz 
(ii) 3:5477 Kaolinite (002) 
(iii) 39342 Kaolinite (020) 
(iv) 7-0810 Kaolinite (001) 
2 14 (i) 33386 Quartz 
(ii) 3:5477 Kaolinite (002) 
(iii) 3:6776 Kaolinite (020) 
(iv) 7:0810 Kaolinite (001) 
3 30 (2) 3:2549 Quartz 
(ii) 36926 Kaolinite (002) 
(іш) 4:5521 Montmorillonite 4:4900 to 4:6000 
(iv) 14-2550, Mixed montmo- 14:0000 
14-0290 & rillonite 
133920 
4 33 (i) 3:0178 Quartz 
3:3175 
(ii) 3:3264 Kaolinite (002) 
t iii) 4:0220 Kaolinite 
4-4175 
(ту) 14-4880 Montmorillo- 14-0000 
14-2550 nite 
42732-25 (7) 3:5477 Kaolinite (002) 
(i) 42502 Kaolinite (020) 
(iii) 7-0251 Kaolinite (001) 
(iv) 13-1920 Mixed illite bentonite 
( v) 16:9940 Mica-smectite 
6 36 (7) 3:3510 Quartz 
(її) 3.5900 Kaolinite (002) 
(ili) 3-9342 Kaolinite (020) 
(iv) 7:1957 Kaolinite (001) 
(v) 8:0430 
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TABLE 2 


Characterisation of Clays by X-ray Diffraction 


S. No. Quartz Kaolinite Halloysite  Illite Chlorite Bentonite 


( Montmo- 
rillonite ) 
1(12) / 2) X X X X 
204) y У X X x x 
3(30) “ “ x X X ~ 
( doubtful ) 
4(33) ,/ / х X X / 
( doubtful ) 
5(35 X / х У x м 
( doubtful ) ( doubtful ) 
636) м ~ X X X X 


i nS 


У Indicates the presence of mineral 
X Indicates the absence of mineral 


identification of clays with more precision. Rai Mohan, Kacker and 
Ramchandran!9, Koizumi!! and Erdey, Paulik and Palik!? have employed 
and developed the technique of TGA for clay mineral identification. 


In the present work TGA of clay samples was carried out with the 
help of LINSEIS TGA apparatus at Chemistry Department, Sardar Patel 
University, Vallabh Vidyanagar.. The data on TGA аге graphically 
presented in Diagram Nos. 1 to 6. 


For the present work clay samples from different major clay sites 
are taken. Sample Nos. 1 and 2 are kaolinitic or mixed kaolinitic clay 
samples. Sample No. 3 is kaolinite-montmorillonite mixture and sample 
No. 4 is bentonitic clay. Sample No. 5 is halloysite-kaolinite mixture and 
Sample No. 6 is mainly kaolinitic clay. 
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Discussion : 

It is observed that with almost all clay samples which contain 
kaolinite the (001) order diffraction with 7-1°A was very clear and strong. 
Sample Nos. 2 and 6 appeared to contain kaolinite as the chief compo- 
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"nent. Sample No. 1 which was china clay sample was found to be a mix- 
ure of kaolinite, quartz and mixed layered silicate. The diffraction pattern 
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also give small peaks at 13.81°А and 9.612°A, which are representative of 
chlorite and mica. For sample No. 3, the characteristic reflections observed, 
clearly indicate that the sample was a mixture of montmorillonite and 
quartz. For sample No. 4, following important characteristic reflections | 
were observed (1) 3-175°A, (2) 4.4175°A, and (3) 14-255°A. From 
these it can be said that the sample contained montraorillonite as a 
major component along with non-clay material. Poor crystalline state 
caused the reflections at 14.255%А, Sample No. 5 was disputed china clay | 
as per data from chem. analysis, B.E.C. etc. The presence of halloysite 


/ 


dw / о C 
dw јао С 


100 300 700 900 100 500 5 700 900 


309 оо 
TEMP С temp È 
can be seen with reflections at 3-5477°A and 4.252°A along with kaoli- 


nite reflections at 7-0251°A. More reflections at 13-192°A and 16.9947А, 
indicated the presence of mixed layered structure. 


Thus, from the study of X-ray diffraction pattern, the presence of a 
particular clay mineral can be identified in a sample. X-ray diffraction 
is the best scientific tool, for establishing the clay mineral composition 


of the sample, e.g. halloysite cannot be identified with surity with criteria 
other than X-ray analysis. 


TGA results indicate that Sample no. 1 has peaks at 240°C, 420°—430°C 
_ and 520°—530°C, From this behaviour it can be concluded that the sample cone 
tains kaolinite and illite as constituent clay minerals. The intensities of the peaks 
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indicate a low proportion and poor crystallinity of kaolinite. In sample no. 2, 
the peaks at 500%--5109С and 680°—690°C indicate the presence of 
kaolinite clay mineral with very small amounts of chlorite. In sample no. 


3a sharp peak at or near 90°C and very small peaks at 380°—445°C and 
640°—650°C indicate the presence of adsorbed water molecules and small 


quantities of montmorillonite clay mineral in the sample. Results for 
sample no. 4 give peaks at 50°—80°C, 300°C and 690°—730°C, the first 
two peaks are due to expulsion of adsorbed water molecules which are 
generally present on the surfaces of bentonites, i.e. montmorillonite group 
clay minerals. The high temperature peak at 690'—730'C is clearly indi- 
cative of the presence of montmorillonite. Sample no. 5 gives peaks at 
130°—150°C, 310—330°C and 510°—530°C. This nature clearly indicates 
the presence of kaolinite—halloysite clay constituents. Sample no. 6 has 
two very small peaks at 150°—180°C along with a sharp peak at 570°C, 
which represents the presence of kaolinite clay mineral along with very 
low proportion of other impurities. Thus different patterns of the samples 
clearly indicate structural changes in сау framework. Even minor changes 
can be sharply located and mixed clay minerals formed under specific 
conditions can be easily traced out. f 

The superiority of the above methods can be seen from a compe- 
rative classification based on different methods. (Table 3). 


Our thanks are due to late Professor A. M. Trivedi for his inspi- 


ration for work on soils and clays. We thank Professor R. D. Patel, 


Professor of Chemistry, Sardar Patel University for providing facilities to 


undertake TGA work and the guidance. 
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JN CLOSED CHAIN AND OPEN CHAIN 
CLAY MINERAL STRUCTURES 
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Dehydration study of clay materials is useful in understanding the 
properties like plasticity, bonding, compaction, suspension etc, which decides 
their commercial utilization. Hendrick and Jefferson! showed that a water 
layer is composed of water molecules going into hexagonal groups of an 
extended hexagonal net. This arrangement is partly due to the tetrahedral 
distribution of charge about a water molecule. The stability of the layer 
of the water molecule is considered to arise from the geometrical relation- 


ship to the oxygen atoms or to the hydroxyl groups of the silicate frame- 
work. In the case of montmorillonite there would be about one monovalent 


cation for each two hexagonal configurations of water in the first molecular 
water layer. Mackenzie and others? have recently suggested that an ion 


like Na* might hydrate to a different degree, on different clay minerals 
and even differs on the same type of clay mineral if the bonding force 


holding the ion varies. It is for this reason, that the trends in dehydration 
would be indicative of minor structural variations even in the same type 
of clay. In addition to dehydration the process of rehydration has also 
been considered to be a characteristic one for identification of clay minerals 
by Jung’, Walker, Van Nieuwenberg and Pieters? and Serratoss®. In fact, 
the property of adsorption of water from atmosphere depends upon the 
surface area of a material, e.g. due to large specific area, montmorillonite 
(bentonite ) adsorbs much water than kaolinite. Hence rehydration of a 
Sample after its initial dehydration at 250°C, has been recommended by 
Searle and Grimshaw? as the standard method for the. sub-classification 
of clays. У 


CC-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


Vidya 


various sites in Saurastra were taken for dehydration- 


Clay samples from 
d 12 are kaolinitic clays while 


rehydration study. Sample nos. 1 to 8 an 
sample no. 9 is illite-bentonite mixed clay and sample no. 10 is bentonitic 


clay. Sample no. 11 is halloysite-kaolinite mixed clay. Dehydration study 
Не furnace upto 900" C temperature. For rehydration 


heated at 250°C and then kept over water 
e intervals and gain in weight at desired 


was carried out using mu 


study the samples were initially 
in a dessicator for different tim 
time interval was found out. 


Data of dehydration and rehydration study are presented in Tables 
] and 2. 


Discussion : 
Dehydration results indicate that most of the clay samples except 9, 


10, 11 showed appreciable weight loss after 400°C and before 600°C. 
This behaviour is generally observed with kaolinitic clays as there will be 
dehydroxylation reaction between 400--600°C. From this behaviour the 
presence of kaolinite in the clay samples can be confirmed. For sample 
nos. 9 and 10 there is appreciable loss in weight before 300°C, Clays 
having montmorillonite, illite, etc. clay minerals show this sort of behaviour, 
due to removal of adsorbed water molecules. From this behaviour the 
presence of montmorillonite and/or illite clay minerals in the sample along 
with others can be suspected. In sample nos. 9 and 10 other minerals 
like kaolinite may also be present, as there are appreciable weight losses 
during the temperature range 400--700°C. The dehydration results for sample 
no. 9 indicate the presence of halloysite due to higher percentage weight 
1055. Rehydration results indicate the fact that except sample nos. 9 and 
10 there is appreciably low water resorption, with increase in the re- 
hydration duration. From this behaviour also, the presence of kaolinite 
can be asserted. Sample nos, 9 and 10 show high percentage gain in weight 
with appreciable absorption in the initial stages of rehydration as seen 
jn the results. From this, one can suspect the presence of montmorillonite 
and illite in the clay samples. In these two samples this sort of behaviour 
is due to absorption of water in early stages of rehydration. Rehydration 
study is considered most useful for identification of bentonitic clays i.e. 
closed chain clay minerals. 

Our thanks are due to late Professor A. M. Trivedi, Professor of 

Chemistry for his inspiration and guidance for the work. 
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THE SOLUTION OF THE BIQUADRATIC EQUATION: 
by 
A. B. PATEL 
V. S. Patel College of Arts and Science 
Bilimora (,W.Rly.) 


Iniroductíom :: 
Our object is to find the solution of the biquadratic equation. The 
method of obtaining the solution is different from. Ferrari's method and 


Descarte’s method. The tools which we require are the known value of 
some determinant and good knowledge of Chapter XII of S. Barnard! 
and J. M. Child's Higher Algebra (1). 


Solution of the Biquadratic Equation 
'The standard form of the biquadratic equation is 
(1) w=ax!+4bx?+ бох? 4- 4dx +=. 
The coefficient of x9? сап be removed by means of the substitution 
(2) Z=ax+b. 
Fhe transformed equation is 
(3) 274--6Н27--462--К-0 
a, B, y and 6 are the roots of (I) and 
aa+b, a--b, ay+b and а5-ЕЬ are the roots of (3). 
{ Тһе values of Н, G and К are as under: 
| (4) H=ac—b?, G=a?d—3abe+2b3 , K—a*c —4а2Ь4+ Gab?c —3Ь4. 
But we know that 


A=| 2 м т rp 


pq Z т qr 


r p Z М 
" а pg Z | 
=—(@+рї+4'+ тр) (—2* pq t qf—tp ) (2—pq--qr—rp) (2+ pa 4—10 


if A=0 then, 
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(5) (z*pa-t qr*rp ) (—z+pq+qr—rp) (z —pqqr—rp) 
(2%р4--4"--ір)-0 
Therefore Z= — pq— qr — rp ог pgq--qr —rp or Pq—qrArp or 
— ра + qr rp 
(6) Z=+pq+qrtrp 
From equation (6) 
(7) 212 (xa? y 22 8р2 ze ( руда eqni y piat 
Equating Coefficients of z in (3) and (7), 
(8) —3H -Xpq?, G=2p?q?r? 0 
(9) K= ( pq? gir — r2p2 } 2 – 4pigr? 
Eliminating 4 and r from equations (8) and (9), we get 
— 2Gp$ +-(9H? — K)p* +6GHp2+ G2=0 
Let p? =L, SR 
(10) — 2613 + (9H? — K)L2+6HGL+G2=0 


then 


: d G 
Again substituting I NV 


Hence 4M?--12HM? (9H — k) M — G? = 0 (G0) 
4 (M - HY—GH? Kk) M—(G?+4H3)=0 


(11) Вч 342+ k= а], АНЗ GI-RHI- а 
I-ae — Abd +3с2, J 2ace -2bcd — ad? — e — eb?. 


Therefore 4 (Mt Hy—al аз )=0 
Let М--Н-а! 

(12) Hence 4t3—It+J=0 
The equation (2) is called the ЖОО cubic. 


The solution of the biquadratic equation (3) depends on equation (12) 


G 
=й р 2 ыйа 
M+H=at and p =5 ee 


G 
So that —_4+H= 
a 22 SF at 


G 
Hence p= + dT 
д 2-(at — H) 


8, t, and fy are e .roots-of- Фо reducing. cubic, 


AX - 272 ES UE wb 
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G ; 
- ———— —— since ѓ= 1 
PUE WN2(an—H) 
But G-2p?q^r? as G#0 
Е 2,2 
ШЕГЕНІ м 
Hence gr=+ at — Н 
Now considering either positive or negative of p or qr. 
GIF LEGS TE 
je nd qr—w«at 
(13) Асен = 
(М) Similarly = |——°— and rmp- 4a H 
2 (at, — H) 2 
(15) r= © and pq--4/at4 — Н 
X(at — X(aty — Н) 


Now using the above set of values of pq, gr and rp in equation (6), 
The roots of (1) is easily obtained as under: 
aa+b=—pq— qr— rp. 
(16) Hence aatb=— van H — «at, — H — Маъ 
(17) Similarly aB-+b=+ 4 at, Н ut, Н ity — H+ A. 13 Nig at 


(18) ay+b=— Vat, — H +y at, — H 4 M at H 
[А 
(19) аб+Ь= p at; — H +4 at, — H H — Mat, — 


I am indebted to referee and Dr. A. M. Vaidya for guidance and 
help in the preparation of this paper. 


Application : Solve : x*--12x — 5-0 

Solution : Here a=1, b=0, c=0, 4-3, е---5 
Hence /=—5, J=—9, Н-0 

The equation 4/3— 1 +Ј=0 is 4:34-51 — 9=0 
So that (t—1) (47244149 )=0 


Therefore t=1 or p= 212421 
2 
op hp ee 
2 › ‘3 2 


аа+ђ =— y aiH -y at, — H —/ at, —H 
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Hence mV TEES Ae quem 
2 ps 
Пие 
--1-- М—2+4/2—-- V 2—41 


But V —2--4,]2i -х-іу 
So that x—-4/2 and у=2 
Therefore = —1—3 ( 42421) — 4 ( 42—2i) 


а= =1— м2 
Similarly В —14-2i 

= —1-+/2 

ó21-—2i 


Therefore the roots of the equation аге —1-E 4/2, 1+2i 
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ANATOMICAL STUDY OF THE. FEEDING APPARATUS OF KOEL 


U. M. RAWAL 


Department of Zoology 
University School of Sciences 
Gujarat. University, Ahmedabad-9 ( India) 


Abstract 


The koel is a fruit eater. It engulfs a fruit as а whole. The functional 
anatomy of the feeding apparatus of koel-Eudynamys-scolapacea scolopacea 
Linn. is studied. The study .includes the feeding behaviour, food, the 
epidermal structure, osteology and myology. All these aspects are correlated 
with the mode of feeding and finally with the muscles which bring about 
the suitable movements of the jaws. The development of the muscles, nature 
of the muscles, their origins and insertions were studied in detail. Along- 


with the jaw muscles, tongue muscles are also studied and are correlated 
with the feeding behaviour. 


Introduction 

Although the birds have long occupied the attention of the naturalists, 
their feeding apparatus, so far as the internal Structure is concerned, have 
not received the attention they deserve. The strucure of the bill frequently 
gives some clue to the principal diet and the manner of feeding of the | 
species. The ЫШ of the bird is initially related with the bird's most 
important problem, that of obtaining food and for this function it is 
suitably modified. Very few workers deal with the adaptive modifications 
between the feeding habit and head morphology. The correlation between 
| the adaptive modifications їп Structure and function has been esta- 
|2 lished in class Aves by Burt (1930) on the relationship between the 
feeding habits and head morphology of the woodpeckers, by Moller 
(1930-31 ) оп the functional anatomy ofthe bill and tongue in the nectat 
eating birds. Engels ( 1940 ) correlated Structural adaptations with locomotor 
and feeding behaviour in thrushers, Richardson (1942) worked on the 
adaptive modifications for the tree-trunk foraging in birds, Beecher ( 1950, 
"51а, "51b ) correlated feeding habits with the anatomy of the skull in 
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American orioles, honey creepers and American black birds. Correlation 
of the jaw architecture and feeding behaviour of black-skimmer was studied 
by Zusi (1962 ) and Waterfowl by Goodman and Fisher ( 1962). Consi- 
derable amount of such work has coms out from this laboratory on 
various group of birds ( Dubale and Rawal, 1962, '65, '66, '68; Rawal, 
1968, '70а, '706, 771; Malhotra, 1967 and Mansuri, 1970). 


Barnikol (1953) studied only the jaw muscles in Centropus rufipenis 
and C. senegalensis, members of the cuculiformes. Detail account of the bill, 
epidermal structure, osteology and myology of feeding apparatus of Eudynamys 
scolopacea scolopacea Linn. is not available. 


The present work covers the anatomy of the feeding apparatus including 
the above mentioned features of Eudynamys scolopacea scolopacea Linn. 


Material and Methods 


The birds meant for the study of stomach contents and musculature 
were collected by shooting them with air-rifle (-25 mm. ) in the fields. Soon 
after the capture their stomachs were removed, which are then slightly 
punctured and preserved іп 10% formalin. Their head regions were also 
preserved in 6% formalin-glycerine for the myological study. The stomachs 
were dissected thereafter with least possible delay in the laboratory, for the 
study of their food contents with the aid of dissecting binocular microscope. 
For the study of the skull, the muscles were dissolved by placing the 
head region in 5% KOH solution for some days, Every care was taken to 
retain the articulation of the skeletal elements. The skulls were later washed 
and then immersed in 10% -glycerine for about 24-28 hours. The skull and 
hyoid apparatus were bleached with H,O, and later dried in air oven. Six 
skulls were prepared for the study. Myological studies were done after 
placing the head region in iodine-pot, iodide solution ( Bock) for 5 to 10 
minutes. Several specimens were dissected under Streoscopic binocular micro- 
scope ( 10х апа 15x). The birds which had least injury during shooting were 
kept alive. The head region was carefully removed from such specimens 
and dissections were done in Ringers solution (for birds). The function 
of the muscle was detected in such specimens by stimulating the individual 
muscle with 9 volt eveready energizer for a second or two. Stimulation of 
the nerve innervating the particular muscle also proved equally effective in 
Understanding the working of the muscle. 
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Freeding Behaviour 

This bird is generally seen during the summer season in the vicinity of 
the human habitats in the gardens and outskirts of city area in Gujarat. Its 
observance becomes more frequent soon after the flowering of the mango. 
tree during february and march. It is usually found to inhabit the mast- 
‘tree ( Polyalthia longifolia), Pipal ( Ficus religiosa), Banyan (Ficus bengalensis), 
Mango ( Mangifera indica ) and Borsali ( Mimusops elengi ). Yt moves from 
one branch to another by hopping or by short flights, Very rarely it comes 
on the ground. It first picks the fruit from the tree and then engulfs 
it as a whole, 5 

Koels, whose stomach contents were examined, during the period 
occupied by the present work, were collected from the different localities. 
The food contents showed hardly any variety as such. It consisted mostly 
of the seeds of mast-tree and few seeds of banyan trec. 


Mason and Lefroy (1912) stated that the various kinds of fruits especially 
of ficus and mimusops are preferred by these birds. Dharmakumarsinhji 
(1955) has also observed these birds eating insects besides seeds and fruits 


Epidermal Structures 
The upper beak is slightly larger than the lower one, is pointed and 
curved. It covers the tip of the lower jaw (Fig. 1) completely and extends 
further slightly below downwards. In transverse section it is arch shaped 
and triangular. The surface of the lower beak is flat within. When the bill 
is closed, the two arms remain separated by a wide gape inbetween. The 
nasopharyngeal opening is wide and rhomboidal. It is located іп another 
thomboidal depression. Anteriorly a median ridge scparates this depression 
into two lateral sulci. The surface of the upper beak situated anterior to 
these sulci is quite smooth. The surface is slightly concave and a median 

projection divides this surface into lateral halves. 


On either side of the nasopharyngeal communication.a number of 
dentine structures are present.. They are pointed backwards and are arran- 
ged in a few longitudinal rows, 


The lower beak is simple and forms a hollow in which the tongue is 
lodged. The inner surface of the beak is quite smooth and possesses a median 
depression. On either side of this depression arise two lateral folds. A numbet 
of backwardly pointed Projections arise from this fold, (Fig. 2). 
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The edges of both the arms ofthe bill anterior to the nares are 
of rather sharp. 3 


ts The tongue is simple in structure and sagittal in outline. A number 
D- of backwardly pointed acicular projections arise in posterior region of 
t- the tongue. 

) 

S OSTEOLOGY 

1 


As seen from the side (Fig. 3), it is stout and bulbous with a 
moderate heavy bill that curves only very slightly downward. The upper | 


: jaw has oblong external nares and an ossified nasal septum. The general 
appearance of the bill is that of strength. The nasal and frontal bones are 
d thick and rigid, but the frontals bones do not curve forward over the nasal 
> bones nor isa transverse groove present in the bone on the dorsal surface 
y of the hinge. The ectethmoid is small and does not touch the frontal or 
nasal tones dorsally or the jugal bar ventrally. The lachrymal is large and 
y abuts dorsally with the frontal and nasal bone and approaches the jugal 
ji bar ventrally. The orbital region with orbit comprising slightly lesser than 
5 one-half of tke total skull length. Both the postorbital and zygomatic pro- 
cesscs; both process are of median length and only moderately separated by 
d the temporal fossa. The rest of the brain case is simple, but the posterior 
5 region is very well marked with squamosal notch. Тһе quadrate is well 
{ developed with a long, thin orbital process that ends into a small expansion. 
1 The posterior articular condyle of the quadrate is lacking. The pterygoid 
e is of a moderate length and approaches the palatine at a moderate angle 
[ (about 40°); it lies at angle to the jugal bar but not parallel to it. The 
1 jugal bar is relatively straight and thin. The palate is desmognathous. 
) The lower jaw is bent ventrally at its mid-point, thereby, 1elating 
1 the curvature of the upper jaw. Anteriorly, the rami are fused together 


for about one-sixth of their length to form a short, heavy plate of the 
f bone. The rami are slightly deep. At the mid-point of the mandibular 
foramen, the dorsal edge of the mandible bends sharply downwards toward 
the articular region. The retroarticular process is long and internal process. 
of the mandible is smaller than the former process. 


The hyoid apparatus is as stout as the skull. The median portion 
of the hyoid apparatus is rather long and almost equal in length with- 
cornua. The entoglossum consists of two parts which are fused to form 


СС-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


Vidia 


Digitized by Arya Samaj Foundation Chennai and eGangotri 


96 


EE: 2 0£0 . cs S's-srvy pou 9Slarpueur әш JO audio 270, 
% PET 6071 08-94 С%%-09% 9|qipueur əy} jo ugue] сүр 
%Е19 0/70 OS'OT СІІ-<6 ојелрепб оф jo чїйиәт ‘OF. 
т ј 001 0612 0:<-<00 әшугірі әш Jo qjdusT '6 
245% 04/0 06'L 0:6 -007/, prodÁrejd ош jo yysuoT '8 
009 0071 OF'ST $91-00 7I seruojionojuesonej[xeumidogjjyo дио у, 
0000 ГАЗИ 09:12 <6%-00792 Iq әу; jo шӘиәТ "9 
p 05`0 06'€1 €'F1-00'€1 Iq 1011ә1$0Ч әш jo PPIM “6 
f I $9] OZ TI S'£I-00'6 50010351 [e)rq1oe1áns ә a 
%6С? 001 O£'€c 0%2-0<10 _ ШЕЕ s NE Сі 
%16%< 0170 08'LI "81-0 “LI Umruer) əy} jo 1981 E 
7/6 L6'C 98'0 026% <0<-6 780 Romeo: о а 2 b^ 
" HOHDMOA ———— иотилдәр ——M—————ÁÀÁ"," а 
1u2121/f207) REELS, % wow ә8иру Р244ә540 57идш212 |Dlajoxg 


Sogou UF [xs әш Jo sjuouro rezas əy} Jo suoisuounp og m 
I Я19УІ 


` 


Бопәҙав peoiq sy 
"]eqoue1q03v133 


«ТІ 91) pue јеј5тр eui 6рірмоҙ јшоа е озш диоде) urg} AJ[enpeis зошоога pue A 
шше? 941. YO рәрипоз ore sdy $и од pue o[pprur оду ur ши sourooaq Ierqoue1qod&y əy], 
рэйецѕ-цоле ue pue Iergouerqodíu 41 -[enpueilqojereo рәйрц$-цолге e pue Jerysuviq odky pedegs por 1131 
5515009 рие родојолор jjam osje st епшоо әці ‘dy pojurod poounouoid ПӘЛА Алол B sey y ÁA]egsr ү eee 
Sovjins sy Ајлопозиу *podeus ловбер згахоп so][oJ отут TeAYorn эү, *xoAuoo 559] IO лош sI SY a mr 

: 0119350 


45 Рог st fesyiseg эч, 
P3jurod оцу e 4[10r193ue 


994) Sp1E^O) jnq рәрипол sr jr Ápronjuy -Á[[e1jusA-osiop pouopey Á]iySis ‘ainjonns роде 
"sple^jno рәўзәпр 5520014 в ро soAIS ыса цово puo [ejsip әш splemoy, сап snouiSe[1e5 


ИО ОНОМ 


СС-0. In Public Domain. Gurukul Kangri Collection, Haridwar 


5.6% 


0.30 


SI 


c&.12—2.2 


АҺА» ЕД РЕКУ 


Апагот сија на ђудћуа.Затај Foundation Chennai and eGangotri 97 
TABLE II 
Ratios of the skeletal elements in Millimeters 
o 
Ratios Mean 9, Standard Coefficient 
deviation Variation, 


1. Cranial height : 


Cranial length 60.96 0.15 0.24 77 

2. Skull width : Cranial length 79.79 0.01 3,4% 

3. Supraorbital isthmus : 38.22 0.46 152300 
Cranial length 

4, Bill length : 94.00 0.54 0.57% 
cranial length ^ 

5, Anterior premaxillary : 52.72 0.38 0.72% 
cranial length 

6. Pterygoid length : 27.60 0,22 0.767, 
cranial length : 

7. Palatine length : 75.00 0.26 0.35% 
cranial length 

8. Quadrate length : 35.96 0.02 7.3%, 
cranial length 

9, Mandibular length : 160.26 0.50 0.3% 
cranial length 

10. Mandibular height : 1.75 — <= 


- cranial length 
C OO 
MYOLOGY | 
Based on the innervation, the cranial muscles of the birds are sepa- 
rated as the mandibular muscles, the hyoid muscles, the ventral branchial 
muscles and the hypobranchial- muscles, innervated respectively by Vth, 
ҮШІ, IXth and XIIth cranial nerves (Edgeworth, 1935). 


Mandibular Muscles 


The mandibular muscles are divided into the adductor mandibulae, 
the pseudotemporalis and the sphenopterygoquadratus muscles, Тһе 
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adductor mandibulae muscle is further divided into an externus, а medius 
and an internus parts. These parts also divide further. 

The following is the description of the muscles of the above 
mentioned series. Each muscle is classified оп the basis of relationship of 


its fibers to the tendon or aponcurosis of origin and insertion. 


M. adductor mandibulae externus superficialis 

This is the most superficial muscle of the adducter series. It is a 
very well developed massive muscle which is situated in the depression of 
the squamosal bone. It is of a pinnate type in which the belly of the 
muscle is provided with a tendon which runs along the median line of 
the inner surface (Fig. 4). 
Origin : А 

Most of the muscle fibres arise іп а broad origin from the 
squamosal and get attached with the tendon described earlier. The fibres 


of the outer surface turn inward from along the border of this process. 
This tendon develops as a thick ribbon as it runs downwards and forwards. 
Some of the fibres of the outer surface however do not attach to this 
tendon but run parallel to it. 

Insertion : 

The insertion is partly tendinous and partly fleshy. The muscle fibres 
which are not attached with thetendon and insert directly on the inner 
surface of the dentary. The insertion of the tendon is also on the inner 
surface of the denfary anterior to that of the. muscle fibres. 


M. adductor mandibulae externus medialis 
This isa well developed muscle having a triangular shape and 
situated inbetween the zygomatic process of the ‘Squamosal and the 
dentary. The origin is in the form of a tendinous ribbon. This ribbon 
becomes broader to form a sheet along the dorsal surface. The muscle 
fibres arise from this sheet. Thus it is a pinnate type of muscle, The muscle 


becomes broader as it runs downwards and forwards (figs. 5, 6). 
Origin : 


The muscle arises from the zygomatic process of the ЭРТЕ. 
Insertion : 


The tendinous sheet as well as the muscle fibres insert on the 
outer surface of the dentary.' WC 
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M. adductor mandibulae externus profundus 
7. This is well developéd muscle and forms the deepest of all the 
) adductor mandibulae series ( Fig. 5); It consists of an inner rostral and an 
outer caudal parts, The -rostral part is ribbon shaped. The caudal part is 
also ribbon shaped but it becomes slightly narrow towards the insertion. 


Origin : 


The rostral part arises in a fleshy origin from the dorsolateral 
Ў surface. of the zygomatic process behind: the origin of the M. a. m. ext. 
‘medialis and is. provided with a tendon on the inner lateral surface, 
Some- muscle fibres which arise from the zygomatic process attach with 
this tendon. It runs forwards and downwards. The caudal part arises in a 
fieshy origin from the upper surface of the quadrate and the dorsolateral 
| “surface of the temporal fossa where it is partly covered by the rostral part. 


‘Insertion : 
The rostral part inserts partly fleshily and partly tendinously on the 
inner lower surface of the dentary. The caudal part is inserted fleshily on 
the upper edge of the angular behind the junction of the dentary. 


M. adductor mandibulae medius > | 

This muscle is observed after the remoyal.. of, М.а. m. ext. supf. 
It is a fan shaped muscle provided with a tendon in the middle. The 
muscle becomes narrow as it runs downwards (Figs. 5-6). 
Origin : А - 

The muscle arises fleshily from the squamosal. Most of the fibres 
„аге attached on the tendon as shown in the diagram. A few fibres situa- 
.ted along the inner border independent of this tendon. 


Insertion : 
The tendon alongwith the main mass of the fibres inseit on the 
„articular bone, just anterior to the quadrato-articular joint. . 


M. adductor mandibulae internus 
This is a well developed massive muscle. It is fan shaped with а 
broad origin and a narrow insertion (Fig. 7). А 
| Origin : - ту 
It arises in a broad fleshy origin: fon the dorsolateral surface of 
“the palatine and becomes narrow as it runs downwards and backwards, | 
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Insertion : 
The insertion is mostly fleshly on the inner surface of the angular, 


below the quadrato-articular joint. The lower dorsal surface of the muscle 
is however provided with aponeurosis towards the insertion. 
Action : 

All the muscles of the adductor mandibulae series raise the lower jaw, 

M. pseudotemporalis 

This is a massive, fan-shaped muscle and runs from the quadrate 
to the inner surface of the hinder region of the lower jaw. The distal 
part of this muscle is covered by a. m. ext. supf. muscle (Figs. 5-6), 
Origin : 

The muscle arises partly fleshily and partly tendinously from the | 
orbital process of the quadrate, It is provided with aponeurosis towards 
the outer surface of the dentary. The muscle becomes broader as it runs 


forwards and downwards. 
Insertion : 
The insertion is fleshy on the inner surface of the dentary anterior 
to the splenial bone. 
Action : 
It raises the lower jaw. 


M. sphenopterygoquadratus 
This muscle is developed as a thin sheet of fibres which run from 
the outer surface of the wall of the orbit to the quadrate (Figs. 5, 6). 
Origin : 
| This muscle arises in a broad and fleshy origin from the pleurosph- 
| enoid below the optic foramen. The muscle runs backwards and 
| downwards. 
| Insertion ; 
| The insertion is fleshy on the inner lower surface of the quadrato 
- towards its articulation with the lower jaw. 
Action : 
It protracts the upper jaw. 


М. intermandibularis 

The Але muscle consists of two parts (Fig. 9). Thé 
posterior part of this muscle is known.as M. interkeratoideus and iP 
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adults the term M. intermandibularis is restricted to the anterior part 
only. In this bird the latter is split into a dorsalis and a ventralis parts. 


M. intermandibularis dorsalis 

This muscle is narrow towards the origin and broad towards the 
insertion (Fig. 9), 

Origin : 

The muscle arises in narrow fleshy origin from the distal edge of 
the angular. The muscle becomes gradually broader as it runs forwards 
and inwards, 

Insertion : 


The muscle inserts fleshily on the urohyal sheath where it almost meets 
the fellow of the opposite side. 


M. Intermandibularis ventralis 


The ventralis part is situated superficially on the ventral side and 
developed as a strong sheet of parallel muscle fibres spread obliquely. 
Origin : 

The origin is broad and fleshy from the inner surface of the dentary. 
The muscle runs backwards and inwards, 

Tnsertion : 

The insertion is fleshy on the midventral line of the floor of the lower 

jaw where it meets the fellow of the opposite side. 
Action : 
The intermandibularis muscle depresses the floor of the mouth. 


M. Interkeratoideus 


This muscle forms a thin sheet of muscle fibres being broader towards 
the origin and narrow towards the insertion. It is situated above the 
intermandibularis dorsalis muscle inbetween the urohyal sheath and the 
lower end of the ceratobranchial. 

Origin : 
The muscle arises from the urohyal in a broad fleshy origin. It moves 
outwards and downwards and gradually becomes narrow. 
Insertion : 
The muscle inserts fleshily on the inner lateral surface of the 
"Cerátorbranchial | E 
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Action : : Eust 
It acis in the lowering of the hyoid apparatus. 


HYOID MUSCLES 
M. depressor mandibulae 


This is a well developed massive muscle which is more or less rectangular 
in shape and extends from below the supraoccipital to the lower jaw (Fig. 4). 
Origin : 

The muscle arises in a fleshy origin from the lower edge of the squamosal, 
The muscle runs downwards and becomes slightly narrow towards the 
insertion. 

Insertion : 

It is inserted fleshily along the inner surface of the angular. 
Action : 

M. depressor mandibulae depresses the mandible. 

M. gularis 

This muscle is situated superficially on the ventral surface of the floor 
of the jaw (Fig. 9). It is a band shaped parallel type of muscle and is 
observed close to the outer edge of the intermandibularis dorsalis muscle, 
Origin : 

This muscle arises in a fleshy origin from the outer edge of the angular 
and extends to the origin of M. intermandibularis dorsalis it runs forwards 
and inwards towards the junction of ceratorbranchial with basihyal. 
Insertion : 

The insertion is fleshy on the basihyal towards its junction with the 
ceratorbranchial. 

Action : 
This muscle helps in the lowering of the tongue. 


Ventral Branchial Muscles 


M. branchiomandibularis ; 

This muscle js by comparison more massive than other jaw muscles of 
the ventral series. It extends as a band between the symphsis of the ramus 
of the mandible and the posterior end of the ceratobranchial. Towards the 
origin the muscle splits into two fasciculi each of which arise independently 
in a fleshy origin and unite posteriorly to have a common insertion. ТЛ 
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anterior fasciculus is a spindle shaped muscle. The posterior muscle is fan 
shaped being broader towards the origin (Fig. 9). 
Origia : 

The anterior fasciculus arises from the anterior part of the inner 
surface of the dentary. The posterior part arises from the outer surface of 
the dentary towards its junction with the splenial. 

Inscrtion : 

The common insertion of the two fasciculi is fleshy or the posterior 
part of the ccratobranchial where it twincs around this bone. 
Action : 

These muscles raise the hyoid apparatus, 


HYPOBRANCHIAL MUSCLES 
M. geniohyoideus and genioglossus 
These muscles are represented by a common mass of the muscle fibres, 
This muscle mass is situated on the floor of the mouth as a thin sheet 
of muscle fibres and extends between the symphysis of the ramus dorsally. 
Anteriorly it almost meets the fellow of the opposite side. Posteriorly the 
muscle fibres are attached to the covering of the tongue. 


M. Hyoglossus 

This is a wel! developed spindle shaped muscle extending from the 
ceratobranchial to the entoglossum (Fig. 10). 

Origin : 

It arises in a fleshy origin from the posterolateral surface of the 
ceratobranchial. It runs forwards in close association with the cerato- 
branchial bone for some distance; but finally separates posteriorly from 
this bone as it runs forwards, 

Insertion : 

The muscle inserts tendinously on the lateral process of the entoglossum, 
Action : 

By its action M. hyoglossus helps in depressing the tongue. 

M. hypoglossus : 

This muscle is situated in the anterior region of the hyoid appara- 
fus. It is divided into an anterior and a posterior parts. The anterior 
Part is triangular in Shape, whereas the posterior one is fan shaped. The 
Origins and the insertions of both the parts are fleshy (Fig. 10), 
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Origin : 

The anierior part arises from the entoglossal process from where 
it runs forwards, The posterior part arises along the upper surface of the 
basihyal, It becomes rather narrow as it runs outwards, 

Insertion : 

The anterior part inserts on the anterior tip of the entoglossum 
whereas the posterior one inserts on the anterior extremity of the ento- 
glossal process, 

Action : 
It helps in the movements of the tongue. 


Discussion 


This bird is mainly a fruit eater and it engulfs the fruit as a whole, 
Some fruit eaters viz. parakeet, chisels out the pericarp of the fruit before 
swallowing it. In Eudymamys the beak is slightly curved and pointed. 
The arms of the bill are strong enough to bear the prunt of the strain 
during the removal of fruit from the tree. This operation is possible due 
to the sharp edges of the arms of the bills. The inner surface of the 
buccal cavity is smooth and does not bear any prominent lateral folds. 
The presence of few lateral folds restrict the passage of the fleshy fruits 
and moreover such folds may rupture the pericarp of ripen fruits and the 
juice may come out from -a gap left between the two arms of the bill 
when the mouth is closed. The backwardly pointed projections on the 
inner surface of the buccal cavity and on the tongue prevents the fruit 
to slip back. 


The width of the skull is greater relative to its cranial length. This 
bird needs a tight grip to cut the fruit from the tree by its sharp mandibles. 
The presence of wider skull provides a broad base to the attachment of 
the powerful adductors. The temporal fossa of the squamosal bone is very 
well marked, The bill is long enough to allow a comparatively large gape 
desirable in handling the fruits of diameter varying from 1-2 cms. 

As an outermost muscle of all adductors, the adductor mandibulae 
externus superficialis muscle plays a significant role in the adduction of 
the lower jaw. It is of a pinnate type and exerts a greater pull on the 
lower jaw, M. adductor unandibulae exernus medialis is triangular in 
shape with narrow tendinous origin and broad fleshy insersion, by the 
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action of this muscle the greater area of the lower jaw is raised up. A. M. 
Externus profunds has two parts, in most of the birds this muscle 
rémains single and in some bird like Swift, it remains absent (Rawal, 
1966). This muscle also act us as powerful adductor to raise the poster- 
ior part of the lower jaw. A. M. Internüs and M. pseudotemiporalis helps 
in firm holding of the fruit during its rémoval from the tree. The 
sphenopterygoquadratus protracts the upper jaw. The depressor mandi- 
bulae muscle is moderately developed and remains fleshy throughout. 
The fleshy nature of the origin and insertion. helps to open the bills 
wide apart. 

The tongue also plays a significant role in pushing the fruit into 
the gullet. It is raised to a considerable extent. Raising of its smooth 
tip allows the fleshy fruit to push into the gullet. The muscles raising 
the tongue are very well developed. All the muscles of the tongue are 


massive and fleshy in nature. 


Summary 


The Koel is a fruit eater, It engulfs the fruit as a whole, The epi- 
dermal structure is suitably modified for this purpose, The adductor 
muscles are more powerful than the abductors. The bird removes the 
fruit from the tree by its sharp edges of mandibles. The powerful 
adductors help in this operation. The tongue is of moderate size and it 
helps in engulping the fleshy fruit into the gullet. The tongue muscles are 
magsivé іп nature. 
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Explanation, of. Diagrams 


Eudynamys, scolopacea. scolopacea, Linn. 


Plate I 
Fig. 1. Head region of Koel showing a gap inbetween the jaws. 
Fig. 2. An inner view of the buccal cavity of the koel, N-Nasopharyngeal 
area; R-Ridge; T-Tongue. 


Plate II 
Fig. 3. Lateral view of the skull. 
Fig. 4. Lateral view of the superficial muscles of the jaws. 
Fig. 5. Deeper view of the jaw muscles after the removal of supeficial layer. 
Figs. 6 & 7. Deepest muscles of the jaws. 
Fig. 8. The innervation of the nerves to the jaw muscles. 
Fig. 9. superficial muscles of the tongue as viewed from the ventral side. 


Fig. 10. Muscles shown after the removal of the Superficial layer shown 
in figure 7. 


Fig. 11. Dorsal view of the hyoid apparatus. 
Abbreviations 
A.M.E.Med,—adductor mandibulae externus medialis muscle 


A.M.E. Prof. C.—adductor mandibulae externus profundus caudal part 


A.M.E Prof. R.— , - T a rostral ,, 
A.M.E. Supf.— » 5 5 Superficialis muscle 

| АМЛ.... гр D internus muscle 
A.M.Med. = ey E medius 55 

| AP. —Aponeurosis Imn.Dors.— Intermandibularis dorsalis 

| AR.—Articular Imn -Vent.— 5 x sett 

| BHY—Basihyal Inkt, — Interkeratoideus 

| Br.Mn.—Branchiomandibularis muscle N — Nasopharyngeal area 

| CBR — Ceratobranchial PAR—Parietal E 

| DENT—Dentary PF—Prefrontal 
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E—Entoglossum. PM X—Premaxilla 


: FR—Frontal PS—Pseudotemporalis 
GU—Gularis QJ—Quadratojugal 

Hy.—Hypo branchial R—Ridge 

Hyg.—Hyoglossus SOC—Supraoccipital 

Нур. Ant.—Hypoglossus anterior Sph.pt.q.—Sphenopterygoquadratus 
Hyp.post—hypoglossus posterior SQ—Squamosal 


N.A.M.E.Med.—Nerve. to adductor 
mandibulae externus medialis etc... 
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«SOME FRESH WATER MOLLUSKS FROM AHMEDABAD Э 


The present 


N. S. GANDHI 


C. U. Shah Science College, Ahmedabad 


paper 


and 
G. T. PANDYA 


Gujarat College, Ahmedabad 


deals with some fresh water Gastropods and 


Bivalves collected from the Chandola lake and the area of the Sabarmati 
River extending from the Sabarmati Railway Bridge to the Saradar Vallabhbhai 
Patel Bridge. The collection was made at regular intervals from August 
1959 to June 1961. During the collection at the Chandola lake it was 
noticed that in the later half of May and June much of the water of 
the lake dries up except the central part and during this time no living 
Mollusks could be collected. The animals begin to reappear only after 
the first rains and a large population can be noticed from September 


to February. 


During the collection the following species were collected and then 
were identified by the Zoological Survey of India : 
Sr.No. Family 


1, 


m 


8. 
9 


10. 


с л эю 


Viviparidae 


Amnicolidae 
Melanoidae 


” 


Lymnaeidae 


Planorbidae 
Subulinidae 
Unionidae 
Corbiculidae 


Viviparus bengalensis ( Lamarck )' race’ 
mandiensis Kobelt 


Digoniostoma pulchella (Benson) 
Melanoides (Plotia ) scabra ( Muller ) 
Melanoides pyramis ( Hutton ) 
Melanoides tuberculatus ( Muller ) 


Lymnaea (Pseudosuccinea) luteola forma 
impura ( Troschel ) 


Indoplanorbis exustus ( Deshayes ) 
Zootecus insularis ( Ehrenberg ) 
Indonaia caerulea (Lea) 
Corbi i 

iculus striatell of Deshayesa,.. 


CC-0. In Public Domain. Gurukul Kangri 


| 


pere 


nod" Presb Шар Мой fi rom die aba апа eGangotri 113 


TABLE I 
Showing the distribution of animals at two places of the collection 
Chandola Lake Sabarmati River Sabarmati and. 
Chandola 
1. Digoniostoma Melanoides scabra Viviparus bengalensis 
pulchella 
2. Indoplanorbis Melanoides pyramis Melanoides 
exustus tuberculatus 
3. Zootecus insularis — Indonaia caerulea Lymnaea luteola 


Corbiculus striatella 


Each of the Mollusks collected is described in details as follows : 


Family : Viviparidae 
1. Viviparus bengalensis ( Lamarck ) race mandiensis Kobelt : 
The shell is more or less conical, thin and smooth with obtuse apex, 
The whorls are convex. The aperture is not so broad but more projecting 
towards the umbilicus. The spire is rather more conical, The foot is 
moderately large and the head bears long tentacles. Operculum has a 
prominent bright red centre. 


Fig. 1 
Vivipatus bengalensis (Lamarck) race madiensis Kobelt 


There is a great variation in colour probably due to the nature of 
water, The shells of the live animals from the Chandola lake have a 
greenish shining colout with narrow bands of dark brownish green colou} 
Whereas the colour of the dry shell tends to be more or less paler. In 
Contrast to this the shells of the specimens from the Sabarmati River have 
Pale colour with brown bands, 4 


Тһе animals were available throughout the year in the Sabarmati 
River but only periodically available in the Chandola lake. The live 
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specimens of these animals were collected in farge numbers from the Chandola 
lake at the depth of one foot, but they were not to be seen im such large 
numbers in the Sabarmati River. Some of the animals were found covered 


with algae. 


Height of Height of Maximum Maximum No. of 

Shell aperture breadth of breadth of whorls 
the shell aperture 

26.5 mm. 12.00 mm. 17.25 mm. 10.25 mm. 5 


Family : Amnicolidae 


2. Digoniostoma pulchella (Benson ) : 
The animals have thin ovate shells with convex whorls. The aperture 
of the shell and the surrounding parts are not so distinct because the 
` channel running forward from the aperture is not so deep or well defined 


as seen in other species of this genus. The angle at the inner extremity 
of the lips is also blunted or rounded off. The operculum is distinctly 
concentric and its external surface is divided into several distinct areas by 
prominent concentric ridges. 


Fig. 2 


Digoniostoma pulchella ( Benson ) | 


A few number of live specimens from the Chandola lake from shallow 
as well as deep water, were collected while quite a large number of dry 
shells were seen lying scattered on the bank, 


Height of Height of Maximum Maximum No. of 


shell aperture Breadth of Breadth of whorls 
| - shell aperture 
10.00 mm. 5.00 mm. 6.00 mm. 4.00 mm. 4. 


Family : Melanoidae 
3. Melanoides ( Plotia) scabra (Muller ) : 


Sue is thin, small and elongated due to gradual tapering. There 41% 
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seven to nine whorls which have unequally striately ridges, Slopingly angled 
round the upper part, prickly spined at the angle. The aperture Is ovate 


and the shape of operculum is ovoid and pointed towards the posterior 
extremity. 


Fig. 3 
Melanoides (Рона) scabra (Muller) 


Usually the shell has brownish olive coloured dots and some times it 
is streaked with purple rust. 

The empty shells were collected from the deposits lying under the shallow 
currents of water of the Sabarmati River. 


Height of Height of Maximum Maximum No. of 

shell aperture Breadth of Breadth of whorls 
sheil aperture 

21.00 mm. 10.75 mm. 9.80 mm. 6.00 mm, 7 


4. Melanoides pyramis ( Hutton ) : 

The shell is usually short but broad at the base and tapering much 
more abruptly above. It is also pointed at the apex. The length of the shell 
is more than double the length of the breadth, Body whorls are longer and 
more depressed with longitudinal and transverse rugae. The surface of the 
shell is rough and sculptured. The aperture is ovate. The columella callus is 
moderate. The size of the mouth is more than one-third as long as the shell. 


Fig. 4 
Melanoides pyramis (Hutton) 


The colour of the shell is usually dirty green with red-brown dotted 
bands and also has irregular longitudinal streaks of the lighter colour, 
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The empty shells were collected from the shallow water currents of the 
| Sabarmati Tiver. , Е E ‘aa 
| Height Height у breadihof нота 
| shell aperture shell aperture 
23 mm. 8.75 mm. 9.00 mm. 5.00 mm. 10 


5, Melanoides tuberculatus ( Muller): 

"This animal has an elongated shell which is gradually tapering at the 
apex. Shell is also thin. The whorls of the shells are gradually increasing 
in size from apex to the mouth and have little convexity. Some times the 
last two whorls are devoid of tubercules and their places are taken by | 
tubercules sculptured with raised spiral strise апа undullating grooves. | 
The operculum is regularly ovoid bluntly pointed posteriorly and broadly 
rounded anteriorly. The aperture of the shell is ovate, outer lip acute, 
polished within and marked more or less with transparent bands. 


Fig. 5 
Melanoides tuberculatus (Muller ) 


Generally the shell has a pale brown colour. The sculpture of the 
shell is blotched longitudinally with brownish red colour which generally 
forms zigzag bands. 

The animals were collected from the Sabarmati river as well 45 
from the Chandola lake. Besides they were also found from small puddles | 


in live conditions. | 
Height Height Maximum Maximum No. of 
0 of breadth of breadth of whorls 
shell aperture shell aperture 
22.85 mm. 675mm, 7,50 mm. 4,50 mm. 8 


Family : Lymnaeidae 
6. Lymnaea ( Pseudosuccinea ) luteola forma impura (Troschel) : 
The animal has rather short ovate and thick shell It has 2/50 
narrow body whorl & pyriform mouth. The surface of the shell is feebly 
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smooth and rather rough. It is usally covered with a black deposit. The 
colour is always pale. The animal is without operculum, 


Fip. 6 
Lymnaea luteola forma impura (Troschel ) 


j The animals were also collected from the Sabarmati river and the 
Chandola lake. Usually they were found in stagnant muddy water and 


some times on decayed leaves or on fresh leaves of aquatic plants. 


Height Height Maximum Maximum No. of 
of of Breadth of Breadth of whorls 
shell aperture shell aperture 
15.75 mm. 11.00 mm, 10.00 mm. 7.00 mm. 4 


Family : Planorbidae 

7. Indoplanorbis exustus ( Deshayes ) : 

The shell is flat, thick, discoidal and relatively large in the adult. 
The whorls are distinctly convex with deeply impressed sutures on both 
the sides. The spire is generally flat. The aperture of the sheil is more 
or less ear shaped. The shell is clearly sinistral. It has relatively broad 
and short foot. The head is very broad with lower margin expanded and 
flattened. The animal has elongated and filiform type of tentacles which 
bear sessile eyes on their inner bases. › 


Indoplanorbis exustus ( Deshayes 
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| . B . 

| The colour of the shell is generally whitish. The live animals were 
| collected. from the Chandola lake and also from other small puddles, but 
| 
| 


not from the Sabarmati river. 


| Greater Height Greater Maximum No. of 
| dia of Height of Breadth of whorls 
shell shell shell aperture 
12.50 mm. 6.25 mm. 6.00 mm. 5.00 mm. 5 


Family : Subulinidae 
8. Zootecus insularis ( Ehrenberg ) : 
The shell of the animal is thick, small, pupiform and cylindrical. It 
consists of seven to ten comparatively coiled whorls which are moderately 
convex while the last whorl is rounded below. 


Fig. 8 
Zootecus insularis ( Ehrenberg.) 


The sculpture of the shell consists of fine close subvertical striae 
and is little bent near the suture and intersected by usually three to 
six very smooth spiral bands. 


Only dry shells, from the Chandola lake, could be collected. Thev 
| were whitish in colour, 


| Height Height Maximum Maximum No. of 
| of of Breadth of Breadth of whorls 
| shell aperture shell aperture 

11.00 mm. | 423 mm. 5 mm. 3.25 mm. 7 


Family : Unionidae 
9. Indonaia caerulea (Lea) : : 
The shape of the shell is more or less elliptical, elongated, inequi* 
lateral, very thick and tumid. It is also inflated at the hinge and central 
region. The post basal region has well developed ridges. The beaks 219 
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sculptured with numerous fine radiating riblets. The central riblets join 
below, the whole often more or less zigzaged which is extended well 
over the disc. Umbo region is large and sculptured. The hinge is well 
marked and the anterior cardinal is broad and short compared to the 
posterior cardinal which is long, narrow and arched. The anterior muscle 
scar is more deeply impressed than the posterior muscle scar. 


| Fig. 9 
Indonaia caerulea (Lea) 
Outwardly, the shell has generally light bluish green colour which 


become brighter on the outer side. but faint at the inflated region. The 
interior of the shell shows irridescent nacrous layer. 


The live animals were collected from the Sabarmati river. They leave 
a long trail while moving vertically on the sand. 


Length of shell Height of the Thickness of the 
) shell shell ` 


) 56.50 m.m. 31.75 m.m. 21.50 m.m. 


Family : Corbiculidae 


10. Corbiculus striatella ( Deshayes) : 

The shell of this animal is generally thick and of large size. In young 
f forms it is triangular and almost ovate, rounded in shape in the fullgrown 
specimens, Upper margin of the anterior part is much more arched than 
the posterior part in the fullgrown specimens. The anterior 5146 is more 
produced and rounded than the posterior one which is broadly rounded. 
Shells are somewhat tumid in dorsal region with prominant umbo; which 
is more prominent in the older shells. The surface of the shell is glossy 
with raised, concentric and regular ridges which are less distinct in the 
| posterior region. The hinge is strongly developed and the anterior cardinals 
longer and more arched than the posterior ones. Nymphal areas are 
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prominent, broad and more distinctly rough and the animals scars have 
| deep impression. The pallial line is with a trace of sinus. 


o — 


Fig. 10 


Corbicula striatella ( Deshayes ) 


Outwardly, the shell has a shining lemon yellow colour in the young 
forms and light or darker, more or less brownish in the adults. The interior 
of the shell is whitish or light purple in the young forms, while white 
bluish purple in full grown shells. 


Length Height Thick 


16 m.m. 14.75 m.m. 10 m.m. 


The present study reveals some interesting features in the distribution 

{ of animals as well as their occurrence and their colour etc. Thus Viviparous 
| bengalensis, even though it is collected from both the places the Chandola 
and the Sabarmati, it is available iri large number from the Chandola, as 
compared with a few number collected from the Sabarmati. Moreover the 

same animal was collected throughout the year from the Chandola, while 

not so from the Sabarmati. Perhaps its absence may be explained as 
hibernation. Such hibernation is possible if water is too much disturbed by 
biotic operation. The colour of the shell of the animals from the Сћапдоја 

is quite green covered with algae while that from Sabarmati is of pale 
colour because of lack of algal association. Even in the green coloured 

shell of Melanoides pyramis, it may be explained asa specific variation. 
Another interesting feature is the absence of Bivalves from the Chandola 

lake, Due to high temparature in Ahmedabad in the month of May 814 
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June, all animals hibernated, for protecting themselves against desiccation 
due to scarcity of water in the Sabarmati and the Chandola. Even the 
animals of the same family show a varied distribution as Melanoides 
scabra and Melanoides pyramis occur only in the Sabarmati where as 
Melanoides tuberculatus are available at both the places. Therefor the 
ecological amplitude of the latter species is greater than the former 


two species. 
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Abstract 


The anatomy of the book lung and the mechanism of respiration in 
the scorpion Heterometrus fulvipes are described in detail in this paper. 
The studies reveal that the atrial ends of lamellae do not show the presence 
of epithelial glandular cells, The communication of the ventral sinus with 
the pulmonary sinus seems to be direct and not through the lamellae as 


reported by others. 
* ж ж 


Book lungs have been considered to be the ancestral arachnid respiratory 
organs. In both spiders and scorpions the primordia of the book lungs 
develop posteriorly on the abdominal appendage buds. According to Kaestner 


(1968 ) this relationship between respiratory organs and appendages can 
only be regarded as a primitive character inherited from aquatic ancestors 
resembling the Merostomata, and is not found in other land arthropods. 


| 

| 

An account of book lungs of scorpion was first published as early 
| as 1853 by Blanchard since then a number of workers including Lankester 
(1885), Pavlovsky (1926), Fraenkel (1929), Zoond (1934), Snodgrass 
| (1952) and Awati and Tembe (1956) have attempted to throw some 
light on the anatomy of these organs in different species of scorpion. The 
present study deals with the microanatomy of the book lungs of the scorpion: 
Heterometrus fulvipes which has not been investigated so far. An attempt 
has been also made to explain the mechanism of respiration in this animal. 
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Materials and Methods 


Live specimens were collected from the Gujarat University Campus, 
Ahmedabad. These were anaesthetized in laboratory and were used for the 
anatomical study. Dissections were done by using razor blade, fine scissors 
and insect pins. Observations were made under a stereoscopic binocular 
dissecting microscope. The course of circulation of blood within the book 
lungs was studied by injecting congo-red with the help of microneedles. 
Sections of the book lungs ranging from 10 to 40 Æ were taken with the 
help of a rotary microtome. These were stained with Mallory's triple stain. 
Actual photographs of microslides showing detailed anatomical features of 
the lamellae and other parts of the book lung were taken and were carefully 


reproduced on photographic papers. 


Observations 


As in other scorpions, in Zeferometrus fulvipes also there are four 
pairs of book lungs situated on the ventro-lateral regions of the third to 
sixth mesosomatic segments. Each book lung ventrally opens to the exterior 
through an obiquely transverse slit called stigmata (Fig. 1). Its anterior 
border is more thickened whereas its posterior margin is considerably thin. 


Each book lung is enclosed within a sheath of connective tissue (Fig 2). 
Internally the book lung is divisible into two main components viz., a 
ventral atrial chamber and a dorsal pulmonary chamber, It may be stated 
here that while the connective tissue sheath enclosing the book lung is thick 
towards the stigmata, its remaining part which covers the pulmonary chamber 
is considerably thin and encloses dorsally within it a sinus called the 
pulmonary sinus. This sinus is connected with the ventral sinus of the body 


through diverticula, 


Atrial Chamber 

The atrial or the air chamber constitute the ventral part of the book 
lung (Fig, 3). The internal lining of the atrial wall consists of a highly 
cuticularised epithelium, The atrial chamber opens to the exterior through 
the stigmata, ; 
Pulmonary Chamber : а 

The dorsal part of the book lung, às is mainly concerned with the 
exchange of gases is termed as the pulmonary chamber. It contains about 
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140 to 150 vertically arranged structures called lamellae (Figs. 3-4 ). These 


are attached to the posterior wall of the pulmonary chamber and give 


folded appearance in a compressed book lung (Fig. 5). The space between 


two adjacent lamellae is known as inter-lamellar air space. The lamellae, 
towards the suspended ends are united with each other by their lateral edges 
and with the covering sheath to form the roof of the atrial chamber ( Fig. 3), 
The latter is perforated by many slit like openings, set parallel with one 
another. The atrial chamber communicates with the inter-lamellar air spaces 


í———— 


through these openings. 


In a longitudinal section of a book lung each lamellae appears as a 
tubular extension of the epithelium of the posterior wall of the pulmonary 
chamber (Fig. 4). Its lateral free borders remain covered by a thin layer 

| of cuticle which gives out a number of obliquely arranged bristles. In a 
detailed microscopic observation, each lamella (Figs. 4, 5) appears to be 
hollow structures. The atrial end of each lamella is considerably broader 
than its remaining part. By the other end, the lamella communicates with 


the pulmonary sinus ( Fig. 4 ). 
Mechanism of Respiration 
The process of respiration in scorpion, as observed by Fraenkel 
(1929) in Buthus quinquestriatus and later on by Awati and Tembe (1956) 
in Buthus tamulus can be divided into two parts : 
1, The expansion of stigmata; and 


2. The ventilation of air in the pulmonary chamber, 

It has been observed in the scorpion under investigation that, 
| because of the oblique position the stigmata of a book lung normally 
| remains closed. But when the muscle attached on the posterior wall of 
| the book lung (atrial muscles ) contracts, the stigmata as well as the atrial 
| chamber connected with it get expanded. In a species of Buthus according 
to Fraenkel (1929), there are two muscles to effect the expansion of 
the stigmata and the atrium, But Snodgrass (1952) while describing the 
anatomy of Centruroides and Vyas (1970) who studied the myology of 
Heterometrus fulvipes have shown that only one muscle viz. M. Ventralis 
poststigmaticus performs such a function (Fig. 2). In all these species of 
scorpion however, the closing of the stigmata is an automatic process and 
results simply by the relaxation of the said muscle, 
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The ventilation of air in the pulmonary chamber is brought about 
by the rhythmic contraction and relaxation of the segmentally arranged 
dorsoventral muscles. During the contraction of these muscles both the 
pulmonary as well as the atrial chambers of each book lung are compre- 
ssed and as a result of which the lamellae in the pulmonary chamber get 
folded. Thus the air enclosed in these chambers is forced out through 
the stigmata. Again when the poststigmaticus muscle contracts, the 
stigmata widens and at the same time, the atrial chamber expands. This facili- 
tates the entry of fresh air from the atmosphere into the atrial chamber. 
This is followed by a relaxation phase of the dorso-ventral muscles. With 
the relaxation of these muscles, the pulmonary chamber resumes its normal 
shape. As a result, a partial vacuum is created in the pulmonary chamber, 
The air from artial chamber on this account rushes into the pulmonary 
chamber and fills up the inter-lamellar spaces. Thereby it comes in direct ` 
contact with the lamellar surface. 


Blood circulation and exchange of gases : 


The blood distributed to the various parts of the body by the 
arteries is gathered up into a large ventral sinus from where it passes to 
the pulmonary sinus. 


Besides, some arterial blood is also received directly through the 
pulmonary arteries (Vyas and Laliwala, 1971). From the pulmonary sinus 
the blood enters the hollow space within the lamellae. Because of the 
rhythmic ‘muscular movements, the outer surface of the lamellae as des- 
cribed earlier, are constantly supplied with fresh air. The exchange of 
gases as earlier suggested by Zoond (1934) and later supported by 
Kaestener (1940) takes place by the simple process of diffusion. 


It may be noted here that the epithelial glandular cell at the 
atrial end of the lamellae described by Awati and Tembe (1956) in Buthus 
is not observed in Heterometrus. The connection of the diverticulum of 
the ventral sinus with the pulmonary sinus in Heterometrus is found to 
be direct and is not through the lamellae as has been described by these 
authors in Buthus. 


The presence of bristles on the outer surface of the lamellae help 
keep apart these organs from each other and prevent their collapse during 
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the compression phase. The blood after oxygenation is carried from the 
pulmonary sinus to the heart through the pulmonary veins and the 
| pericardial sinus. 


To varify the oxygen requirement of the scorpion under investigation 
seven out of eight book lungs were sealed by wax. Yet no apperant effects 
were noticed on this animal. In this regard, our results fully support the 
earlier findings of Savory ( 1964) that the scorpions have a very small 
need for oxygen. 
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% || Explanation of Diagrams 

P 

а | Fig. 1 : Stigmata of a book lung ( External appearance ). 

sd Fig. 2 : Book lung in situ. 

P Fig. 3 : Sheath enclosing book lung partly removed to expose atrial 


chamber. 


Fig. 4 : Microphotograph of V. $. of a book lung showing the pulmonary 
sinus and the lamellae. 


Fig. 5 : Microphotograph showing folds of lamellae in section of the 
pulmonary chamber. : 


MAMLA vm аб 


IV-Ventral view of the right half of the fourth mesosomatic sternite, | 
at-atrial chamber; br-bristles; C-cuticular lining; i.ls.-inter lamellar air 
space; j-attachment of the lamellae with posterior wall, 1-lamella; la-free | 
ends of lamellae (magnified); m-atrial muscle; p.a.-pulmonary artery; 
pls-pulmonary sinus; p.v.-pulmonary vein; r-roof of atrial chamber; 
sh-sheath of book lung; sp-space within lamella; st-stigmata of book lung. 
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Cu2+, NP* AND Fe* CHELATES WITH 2-HYDROXY 3-NITRO 
5-METHYL ACETOPHENONE OXIME 
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2 Smt. Jadavben C. Sutaria P-G. Science Institute 
Bhavan's College, 
, Dakore ( India ) 
\ Abstract 
) The chelates of Cu2,* Ni?* and Fe?* ions with the ligand 2-hydroxy 


3-nitro 5-methyl acetophenonoxime have been prepared and characterised. 
Analytical, magnetic and for ferric, spectral evidence is adduced toshow 
their structures to be square planar ( Cu?* and Ni?*) and octahedral 


| (кез). 


The ligand is prepared easily by nitration of 2-hydroxy 5-methyl 
acetophenone in alcohol. The nitro derivative of the hydroxy-ketone 
precipitates out in ice. Its oxime which is used as a ligand in the present 
study can be prepared in nearly 60% yield on heating the hydroxy-ketone 
with hydroxylamine hydrochloride on a water bath for an hour. Light 


yellow solid, m.p. 170'c, crystallises pure from benzene. 


CuSO, NiSO, and FeCl, (all analar quality) were used in aqueous 
in alcohol. The use of the 


atic results presumably 
The green Cu- 


solution. The ligand was used as a solution 
sodium salt of this ligand as a precipitant gave err 


due to the co-precipitation of the metal hydroxides. 


complex and the light-green Ni-complex were insoluble in water as well 


In the latter solvents the ligand was gradually 


as in organic solvents. 
ashing. Water, however, did not attack 


and continuously Jeached out onw 


the chelates. These two chelates were washed with hot water only. They 


could not be recrystallised because of their insolubility. The results of 
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analysis etc; however, showed them to be quite pure. The dark brown 


ferric complex was insoluble in water but readily soluble in organic 
solvents. It was recrystallised from benzene. 
Table of constants 

Complexes Metal Mol. weight p Corr. Structure 

= —— ——-— & (п) suggested 

Found Expected Found Expected B.M. 

8. 8. 
Cu?*2-hy- 0.0333 0.0332 467.1 481.54 1.79 Square 
droxy 3-nitro, (1) planar 
5-methyl aceto- (d sp?) 
phenone oxine 
(green ) 
Ni?*2-hydroxy 0 
3-nitro, 5- 0.1208 0.1211 467.1 476.7 (0) -do- 
methyl aceto- 
phenone oxime 
(light green ) 
| Fe3*2-hydroxy 0.0746 0.0744 661.66 683 5.98 Octahedral 
3-nitro, 5- (5) (sp? d2) 
methyl aceto- 
phenone oxime 
(dark brown ) 
ee Ек 


The results of various determinations are summarised in the Table 
of Constants given above. The analysis of the metal content of the chelates 
showed that the copper and nickel chelates are having 1:2 composition 
whereas, also as expected, the ferric one has 1 :3 composition. 


In the case of Cu?* chelate this was confirmed by conductometric 


titration when a definite break in 


the curve was observed at 1:2 


composition. Similar experiments with nickel and iron were unsuccessful. 
The molecular weights of all of them, determined cryoscopically, showed 
them to be monomeric. The magnetic moments of these chelates, determined 


_ Бу Guoy method, showed them to possess 1,0 and 5 unpaired electrons 
шш table) for Си?, Ni? and Fe? chelates respectively. On this 
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basis only, they are assignzd square planar ( Cu? and Ni?) and octahedral 
(Fe?) structures. The insolubility of Cu?* and Ni?* complexes in water 
and their insolubility in organic solvents precluded the taking of their 
absorption spectra in solution. Their insolubility in organic solvents was 
unexpected because corresponding unnitrated ligand gave Cu2+ and Ni?* 
complexes which were soluble in them.(1,2) The ferric chelate gives a 
spectrum ( determined on Spectronic 20) in solution in benzene which 
does not show any clear band. The spectrum shows a strong charge transfer 
band in the U. V. which has a long strong tail in the visible so that 
this latter region shows a gradually declining absorption without any clear 
absorption band. This is expected as the ground state of the octahedral 
complex is 6А,, and there is no other sextet term so that not only is 
the electronic transition Laporte-forbidden but isalso spin-forbidden. The 
strong charge transfer band is also expected as the ferric ion is an oxidising 
agent ready to accept an electron from the ligand. 
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Abstract 
The Cu2* and Ni?* chelates with the ligand 2-hydroxy, 5-methoxy 
acetophenonoxime have been prepared and characterised. They are shown 


| by analytical, magnetic and spectral measurements to be square planar in 


structure. 


'The Ketone, 2-hydroxy, 5-methoxy acetophenone was prepared from 
p-di-methoxy benzene! Its oxime was prepared in the usual manner by 
using hydroxylamine hydrochloride. It was recrystallised from alcohol 


when its melting point was found to be 115'c. 


To prepare the metal chelates, CuSO, or NiSO, solution was buffered 


to pH=6 and the sodium salt of the oxime was added drop by drop 


in hot. The chelates got precipitated immediately and quantitatively. They 


were washed with water and recrystallised from chloroform. 


The copper complex is brown, the nickel one green. The complexes 
are insoluble in water but are soluble in organic solvents like 
benzene, chloroform, carbon tetrachloride etc. and can be easily purified. 
The complexes are stable upto 150°c. The complexes could be used for 


gravimetric estimation of Cu2* and Ni2* because of their insolubility. 
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The compositions, determined by estimating metals, showed both the 


complexes to be 1:2. The results are given here in the Table of Constants. 


Table of Constants 


Complexes Metal % Mol. Weight spectral bands 
Found Calc. Found Calc. xMol реў -cm- 6 
on fora х10-6 В.М. 
jl g2 mono- 
basis mer 
(1) 2-hydroxy 15,160 78.29 
S-methoxy 15.02 15.08 434.7 423.54 +1422.8 1.85 20,410 341.6 
acetophenone- (shoul- 
oxime copper der) 
(1) 27.770 66920 


Cu(C9H;,05N); 


(2) 2-hydroxy 1405 14.03 411.71 418.71 -75.55 dia. 16,130 175.8 


5-methoxy 20,000 126 
acetophenone- 25,000 2545 
oxime 

Nickel (IT) 

Ni(C9H,90,N); 


The compositions were confirmed spectrophotometrically, by Job’s 
method, by extracting the complexes іп СНС. The molecular weight was 
determined cryoscopically, The results are consistent with a monomeric 


formulation, 


The magnetic susceptibilities were determined by the Gouy method at 
соот temperature. The p eff indicates the presence of one unpaired electron 
for Cu?* chelates, The nickel chelate was found to be diamagnetic. The slight 
excess over the spin-only value for the moment іп copper is expected. C3 


On the basis of this magnetic data, the’ structures’ of the M30 
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- complexes are considered to be square planar with, presumably, a symmetrica] 
trans attachment of the ligands. The ground state electronic configurations 


are Ni?* : 


24. . 
dyz die dèy des 45, ya СА) and for Си2+ : 
dy, di, а, d^, dea y? (Big ). 


The spectra of both the complexes were determined on Spectronic 20 
in solution in chloroform. The results are given in Table of constants. 
These are consistent with a planar structure. The low intensity ligand band 
at 15,160 cm-! for copper seems to arise from the electronic transition 


| ЗА а 2Big (2, die а СЕТ) The shoulder at 20,410 cm-! can 
| be due to a transition ?E,4«—2B,, (ie. Кот dyz or dzy to 2 ај The 
| band at 27,770 ст“! seems to be a charge transfer band, 

The absorption band in Ni? at 16,130 cm-! seems to be due to 


gio 1 T А DT 
the transition 1В,,<-1А|, (454 d у2)°. The transition at 20,000 


cm~! (shoulder) could have an origin similar to that of the copper . band 
z МА 2 4 
at 20,410 стт! — a transition from 42, (ог d5,) to d ya (IBg- 1A,, ):5. 


The band at 25,000 cm-! can similarly be a charge transfer опе,б 


The authors are thankful to Prof. R. D. Patel, Sardar Patel University 
for kindly permitting them to use the Gouy balance, 
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